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PREFACE TO THE REVISED EDITION. 


THE revision of “ Peck’s Ganot” was begun by Mr. 
BURBANK in the spring of 1880, and completed by him 
as far as the subject of “ Ballooning,” on page 164, 
when the progress of the work was interrupted by his 
death. The revision of the remaining portions is my 
own work. 

The essential characteristics and general plan of the 
book have, so far as possible, been retained, but at 
the same time many parts have been entirely rewritten, 
much new matter added, a large number of new cuts 
introduced, and the whole treatise thoroughly revised 
and brought into harmony with the present advanced 
stage of scientific discovery. 

Among the new features designed to aid in teaching 
the subject-matter, are the summaries of topics, which, 
it is thought, will be found very convenient in short 
reviews. 

As many teachers prefer to prepare their own ques- 
tions on the text, and many do not have time to spend 


in the solution of problems, it has been deemed expe- 
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dient to insert both the review questions and problems 
at the end of the volume, to be used or not at the dis- 
eretion of the instructor. 

I desire to acknowledge my obligations to all who 
have in any way given me aid and advice in the prep- 
aration of this revision, and especially to Professor 
PECKHAM, of Adelphi Academy, Brooklyn, N. Y., who 
has kindly looked over many of the proof-sheets, and 
furnished me with valuable suggestions. 


J. I. HANSON. 
Wosury, July, 1881, 


EDITOR'S PREFACE. 


THE rapid spread of scientific knowledge, and the 
continually widening field of its application to the 
useful arts, have created an increased demand for new 
and improyed text-books on the yarious branches of 
NATURAL PHILOSOPHY. 

Of the elementary works that have appeared within 
a few years, those of M. GANoT stand pre-eminent, not 
only as popular treatises, but as thoroughly scientific 
expositions of the principles of Paysics. His “ Traité 
de Physique” has not only met with unprecedented 
success in France, but has been extensively used in 
the preparation of the best works on Physics that 
have been issued from the American press. 

In addition to the ‘“ Traité de Physique,” which is 
intended for the use of Colleges and higher institutions 
of learning, M. GANoT has recently published a more 
elementary work, adapted to the use of schools and 
academies, in which he has faithfully preserved the 
prominent features and all the scientific accuracy of 
the larger work. It is characterized by a well-balanced 
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distribution of subjects, a logical development of scien- 
tifie principles, and a remarkable clearness of definition 
and explanation. In addition, it is profusely illustrated 
with beautifully executed engravings, admirably caleu- 
lated to convey to the mind of the student a clear 
conception of the principles unfolded. Their complete- 
ness and accuracy are such as to enable the teacher to 
dispense with much of the apparatus usually employed 
in teaching the elements of Physical Science. 

In preparing an American edition of this work on 
PopuLaAr Puysics, it has not been the aim of the 
editor to produce a strict translation. No effort, how- 
ever, has been spared to preserve throughout, the spirit 
and method of the original work. No changes have 
been made, except such as have seemed calculated to 
harmonize it with the system of instruction pursued in 
the schools of our country. 

By a special arrangement with M. GAnor, the Amer- 
ican publishers are enabled to present fac-simile copies 
of all the original engravings. 


New York, June 1, 1860, 
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ELEMENTARY PHYSICS. 


CHAPTER I. 


PROPERTIES OF MATTER. 


SECTION I. — DEFINITIONS AND GENERAL PROPERTIES OF MATTER. 


1. Physics — Physical Agents. — NATURAL PHILOs- 
OPHY, OR Puysics, treats of the general properties of 
bodies, and of the causes that modify these properties 
without altering their constitution. 

The principal causes that modify the properties of 
bodies are: Gravitation, Heat, Light, and Electricity. 
These causes are called Physical Agents or Forces. 


2. A Body is a collection of material particles; as a 
stone, or a block of wood. A body which is exceedingly 
small is called a Material Point. 


3. Molecules and Atoms. — Bodies are made up of 
small particles, called Molecules, and these again are com- 
posed of still smaller elements, called Atoms. 

A molecule is the smallest particle of matter that can exist by 


itself. 

An atom is the smallest particle of matter thdt can exist in 
combination. 

A molecule may consist of two or more atoms of the same kind 
of matter, or it may be composed of several atoms of different kinds ; 
thus, a molecule of sulphur is a combination of two atoms of sulphur, 
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but a molecule of common salt consists of an atom of the metal 
sodium combined with an atom of chlorine. 
Atoms are joined and held together by a kind of attraction called 


chemical affinity. 
Molecules are kept in place by the action of two opposing forces, 
molecular attraction and molecular repulsion. 


4. Mass and Density.— The Mass of a body is the 
quantity of matter which it contains. 

The Densiry of a body is the degree of closeness of its 
particles. 

Different bodies, having the same volume, contain very different 
quantities of matter; for example, a cubie inch of lead contains 
nearly eleven times as much matter as a cubic inch of water. The 
masses of bodies are proportional to their weights. 

Those bodies in which the particles are close together are said to 
be dense ; thus, platinum and mereury are dense bodies. Those in 
which the particles aré not close together are said to be rare ; thus, 
steam and air are rare bodies. The densities of bodies having the 
saine bulk are proportional to their weights. 


5. Three States of Bodies.— Bodies may exist in 
three different states, solid, liquid, and aeriform. 

Sotip bodies tend to retain a permanent form, because 
their molecules are held together by forees of attraction which 
are greater than the repellent forces that would tend to sepa- 
rate them. 

In Liquips the attractive and repellent forces are nearly 
balanced, and their molecules move freely among one another. 
Liquids have no tendency to retain a permanent form, but 
assume at once the form of the containing vessel. 

In Arrtrorm bodies the repellent are more powerful than 
the attractive forces, and their molecules constantly tend to 
separate and occupy a greater space. A/r and all gases and 
vapors are examples of aeriform bodies. 

The term F'Lurp is applied to both liquid and aeriform bodies. 

Many bodies may exist in every one of the three states in succession. 
Thus, if ice be heated until the repelleut forees balance those of at- 


THE METRIC SYSTEM. 5 


traction, it passes into the liquid state and becomes water; if still 
more heat be applied, the repellent forees prevail over those of at- 
traction, and it passes into the state of vapor and becomes steam. 


GENERAL PROPERTIES OF BODIES. 


6. The most important properties which all bodies possess 
are: Extension, Weight, Impenetrability, Inertia, Porosity, 
Divisibility, Compressibility, Expansibility, and Elasticity. 

7. Extension is the property by virtue of which a body 
occupies space. 

MaGnircupeE and Form depend upon Extension. 

To occupy space a body must have the three dimensions, length, 
breadth, and thickness. The space occupied.by a body is called its 
volume. 

8. English Measures. — For the purpose of measuring 
the dimensions of bodies a standard unit of length is needed. 

In England and the United States the yard has been adopted as 
the standard unit, and with its divisions and multiples is in common 
use. 

g. The Metric System. — This system is in general use 
in France and in most of the countries of Europe. 

It is adopted by scientific writers everywhere, and will 
probably soon come into general use throughout the civilized 
world. Its use in the United States has been legalized by 


act of Congress. 

The unit of this system is the meter, which is the ten-iillionth 
part of a quadrant of that meridian of the earth which passes through 
Paris. It is equal to 39.37 inches, nearly. 

Its divisions and multiples vary in a tenfold ratio, and from 
these all the measures of surface, volume, and weight are derived. 
The nomenclature is derived from the Greek and Latin numerals. 
The Greek prefixes deka (10), hekto (100), kilo (1000), and myria 
(10,000), are used for the maltiples, and the Latin prefixes deci (;45), 
centi (;45), milli (49455), are used for the divisions of the unit. 


10. Metric Measures of Length.—In the following 
table the several denominations of linear measure are given 
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in their order, with the English equivalents, and the abbrevi- 
ations used. 


1 Millimeter (Qimm.) = 0.001 m. = — 0.03937 inch 

1 Centimeter (an.) = 0.01 in, = 0.3937“ 

1 Decimeter (dm.) = 0.1 m= 3.937 _ 

| Meter (nm) ==". m.== $9.37 ¥ 

| Dekameter (Din.) = 10 m. = 393.7 aad 

1 Hektometer (Hin.) = 100 m. = 328 ft. 1 in. 
1 Kilometer (Km.) = 1000 mn. = 3280 ft. 

T Myriameter (Min.) = 10000 m. = — 6.2137 miles 


In the figure in the margin one decimeter is 
compared with a scale of inches. It will be 
seen that the decimeter is a little less than 4 
inches. 

With the square meter and the eubie meter 
as units, tables are constructed for the measures 
of surface and volume, in the saine way as with 
the English measures; the ratio 100 (10°) 
being used for surface measures, aud LOOO 
(108), for volumes. 

Thus, 00 square millimeters = 1 square 
centimeter, ete.; 1000 eubie millimeters == 
1 cubic centimeter, ete. 


For 


11. Measures of Capacity. 
measuring articles which by the English 
system are sold by dry or liquid measure, 
the unit adopted is the “ter, which is equal 
to one cubie decimeter. 


The denominations are as_ follows. 
Ratio 10. 


Milliliter (inl.) 


1 eubie centimeter 


| Centiliter (cl.) 10 “ 
Ps Deciliter (dl.) = 100 “ 
Tater C.) = 1000 * a 


Dekaliter (D1.) 10 ** — deciimeters 
Hektoliter (H1.) = 100 
Kiloliter (KI) = 1‘ meter 
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The liter is equal to 1.0567 liquid quarts, or 0.908 of a dry quart. 
It may therefore be used conveniently in place of both. 

12. Weight. — A body falls, when not supported, because 
it is attracted toward the centre of the earth. When it rests 
upon another body or upon the surface of the earth, its ten- 
dency to fall is not destroyed, and it presses downward with 
a force proportioned to the degree in which it is attracted. 

Hence weight is the measure of the earth’s attraction. 'The 
term weight is commonly used in this limited sense, but, since 
the attraction of gravitation is universal, a body would have 
weight if placed on or near the surface of any of the planets 
or other heavenly bodies. 

The unit of weight in the English system is the avoirdupois pound 
of 7000 grains. In the Metric System the unit adopted is the gram, 
which is the weight uf one cubic centimeter of distilled water at its 
greatest density, that is, at the temperature of 39.2° Fahrenheit or 
4° Centigrade. 


13. Metric Table of Weight. — Ratio 10. 
One Milligram (mg.) = 0.0154 grain 

*Centigzram (€eg-) = 0.1543 * 
“ Decigram (dg.) 1.5432 
‘* Gram (g.) 15.432 « 
‘* Dekagrain (Dg.) 0.3527 ounce av. 
‘* Hektogram (Hg.) 3.0274 * a 
‘* Kilogram (Kg.) 2.2046 pounds av. 
‘* Myriagram (Mg.) we04G ot 


Lh ee 


‘* Quintal (Q.) 220.46 ot Ke 
‘ Tonneau (T.) 2204.6 us “is 


14. Impenetrability is that property by virtue of which 
no two bodies can occupy the same place at the same time. 
This property is self-evident, although phenomena are ob- 
served which would seem to conflict with it. Thus, when a 
pint of alcohol is mixed with a pint of water, the volume of 
the resulting mixture is less than a quart. This diminution 
of volume arises from the particles of one of the fluids insin- 
uating themselves between those of the other; but it is clear 
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that where a particle of alcohol is, there a particle of water 


cannot be. 

It may be shown by several simple experiments that air and water 
cannot occupy the same space. Invert a glass tumbler and press it 
downward into a vessel cf water. The water will not enter and fill 
the tumbler. Close one end of a glass tube 
with the thumb and thrust the other end into 
the water. The water cannot fill the tube 
while the air is retained. Remove the thumb 
so that the air can escape, and the water will 
immediately rise and fill the tube. Pass a fun- 
nel through a cork fitted air-tight to a bottle. 
Let a bent tube pass through another hole in 
the cork, and at the other end dip into a tumn- 
bler of water, as shown in Fig. 2. If then 
water is poured into the funnel, as fast as it 
enters the bottle air will escape in bubbles from the end of the tube 
in the tumbler. 


Vig. 2. 


15- Inertia is the tendency which a body has to maintain 
its state of rest or motion. If a body is at rest it has no 
power to set itself in motion, or if it is in motion it has no 
power to change either its rate of motion or the direction in 
which it is moving. Ilence, if a body is at rest, it will re- 
main at rest, or if in motion, it will move on uniformly in a 
straight line until acted upon by some force. 

The reason why we do not see bodies continue to moye on uni- 
formly in straight lines, when set in motion, is that they are continu- 
ally acted upon by forees which change their state of motion. Thus, 
a ball thrown from the hand, besides meeting with the resistance of 
the air, is continually drawn downwards by the attraction of the 
earth, till at last it is brought to rest. 

Many familiar phenomena are explained by the principle of in- 
ertia. For example, when a vehicle in motion is suddenly arrested, 
loose articles in it are thrown to the front, because they tend to keep 
the motion which they had acquired. 

If a person. jumps froin a ear in rapid motion, he is likely to be 
thrown violently to the ground; for his body retains its onward mo- 
tion, while his feet are stopped by striking the ground. 


POROSITY. — DIVISIBILITY. 9 


Let a card with a coin placed upon it be balanced on one of the 
fingers of the left hand; then snap it suddenly with the middle finger 
of the right hand, as represented : 
in Fig. 3. If struck evenly and 
earefully the card will fly away, 
leaving the coin balanced upon the 
finger. In this experiment the in- 
ertia of the coin is not overcome 
by the slight friction of the eard, 
and it therefore remains nearly 
where it was first placed on the 
finger. 

16. Porosity is that property of a body by which spaces 
exist between its molecules. 

AJl bodies are more or less porous. 

Actual cavities or cells that are visible are called Sensible 
Pores. ‘The invisible spaces that separate all the molecules 
of a body are called Physical Pores. 


The metals, in which no pores can be seen even by the aid of the 
most powerful microscope, are shown to be porous by the fact that by 
great pressure liquids and gases may be made to pass through thein. 

17. Divisibility.— All bodies are capable of being di- 
vided and subdivided ; and in many cases the parts that may 
be obtained are of almost inconceivable minuteness. 

The following examples serve to show the extreme smallness of 
the molecules of matter. A single grain of carmine imparts a sensi- 
ble color to a gallon of water; this gallon of water may be separated 
into a million of drops, and if we suppose each drop to contain ten 
particles of carmine, which is a low estimate, we shall have divided 
the grain of carmine into ten millions of molecules, each of which is 
visible to the naked eye. 

The microscope reveals to us, in certain vegetable infusions, ant- 
malcules so small that several hundreds of them can swim in a drop of 
water that adheres to the point of a needle. These little animals 
are capable of motion, and even of preying upon each other; they 
therefore possess organs of motion, digestion, and the like. How 
minute, then, must be the molecules which go to make up these 


organs ! 
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A grain of musk is capable of diffusing its odor through an apart- 
ment for years, with scarcely an appreciable diminution of its weight. 
This shows that the molecules of musk continually given off to re- 
plenish the odor are of inconceivable smallness. 

The blood of animals consists of minute red globules swimming 
in a serous fluid; these globules are so small that a drop of human 
blood no larger than the head of a small pin contains at least 
50,000 of them. In many animals these globules are still smaller ; 
in the musk deer, for example, a single drop of blood of the size of a 
pin’s head contains at least a million of them. 


18. Compressibility is the property of being reduced to 
a smaller space by pressure. This property is a consequence 
of porosity, and the change of bulk comes from the particles 
being brought nearer together by the pressure. Sponge, 
india-rubber, cork, and elder-pith are examples of compres- 
sible bodies ; they may be sensibly diminished in volume by 
the pressure of the fingers. Gases are, however, the best 
examples of compressible bodies. 

Some of the gases may be reduced to liquids by pressure alone ; 
and recent experiments have proved that all the gases known can 
be liquefied by great pressure and intense cold combined. 

Liquids are but slightly compressible; but careful experiments 
have shown that they yield somewhat to great pressure. 

Metals are compressible, as is shown in the process of stamping 
coins, medals, and the like. 


19. Expansibility is the property which a body possesses 
of increasing in bulk or volume under certain circumstances. 

All bodies expand on being heated. 

Gases expand most, liquids next, and solids least, when 
subjected to the same degree of heat. The molecules of air 
and the gases constantly repel each other, so that these sub- 
stances have 4 continual tendency to increase in volume, even 
without the influence of heat. 


The following experiment illustrates this property of air. A small 
rubber bag, nearly empty and fastened at the neck with a stop-coek, 
is placed under the receiver of an air-pump. Then let the air be 
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pumped out from the receiver, so that it no longer exerts pressure 
on the outside of the bag, and the air within will expand and fully 
inflate the bag. 

Other examples of expansibility will be 
given hereafter in illustrating the effects of 
heat. 

20. Elasticity is the property which 
bodies possess of recovering their origi- 
nal shape and size after having bcen 
either compressed or extended. 

Bodies differ in their degree of elas- 
ticity, yet all are more or less elastic. 
India-rubber, ivory, and whalebone are examples of highly 
elastic bodies. Putty and clay are examples of those which 
are only slightly elastic. 


If air be compressed, its elasticity tends to restore it to its original 
bulk; this property has been utilized in making air-beds, air-cush- 
jous, and even in forming ear-springs. If a spring of steel be bent, 
its elasticity tends to unbend it ; this principle is employed in giving 
motion to watches, clocks, and the like. If a body be twisted, its 
elasticity tends to untwist it, as is observed in the tendency of yarn 
and thread to untwist; this principle, under the name of torsion, is 
used to measure the deflective foree of magnetism. If a body be 
stretched, its elasticity tends to reduce it to its original length, as is 
shown by stretching a piece of india-rubber, and then allowing it to 
contract. 

We sce that the elasticity of a body may be brought into play by 
four different methods: by pressure, by flexure or bending, by torsion 
or twisting, and by tension or stretching. In whatever way it may 
be developed, it is the result of molecular displacement. Thus, 
when air is compressed, the repulsions between the molecules tend to 
expand it. Again, when a spring is bent, the particles on the out- 
side are drawn asunder, whilst those on the inside are pressed to- 
gether; the attractions of the former and the repulsions of the latter 
tend to restore the spring to its original shape. 

The most elastic bodies are gases; after them come tempered stecl, 
whalebone, india-rubber, ivory, glass, ete. 

Fig. 5 illustrates the method of showing that ivory is elastic, 
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and at the same time that the cause of its elasticity is molecu- 
lar displacement. It represents a polished plate of marble, over 
which is spread a thin layer of 
oil. Ifa ball of ivory be let fall 
upon it from different heights, it 


will at each time rebound, leav- 
) ing a cireular impression on the 
plate, which is the larger as the 
ball falls from a greater height. 
This experiment shows that the 
ball is flattened each time by the 
fall, that the flattening increases 
as the height increases, and that 
the repellent action of the coim- 
pressed molecules causes it to re- 
bound. 

The property of elasticity is 
utilized in the arts in a great 
variety of ways. When a cork is forced into the mouth of a bottle, 
its elasticity causes it to expand and fill the neck so as to render it 
both water and air tight. It is the elasticity of air that causes india- 
rubber balls, filled with air, to rebound when thrown upon hard 
substances. It is the elasticity of steel that renders it of use in springs 
for moving machinery, as well as for easing the motion of carriages 


over rough roads. It is the elasticity of cords that renders them 
suitable for musical instruments. It is the elasticity of air that ren- 
ders it a fit vehicle for transmitting sound. 
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SECTION II. —SPECIFIC PROPERTIES OF MATTER. 


a1. The specific or characteristic properties of matter 
depend upon certain forces, which are continually acting 
between the molecules of bodies. Those which cause 
the molecules to attract one another are called Molecular 
Forces. They are Cohesion, Adhesion, and Chemical 
Affinity. These act only at insensible distances. 


The ultimate particles, even of solid bodies, do not touch one 
another, but are kept in place by the combined action of forces 
of attraction and repulsion. Heat is the repellent force that tends 
to separate the inolecules; although not usually classed as a molee- 
ular force, it here acts as one, and, like those mentioned, at insensi- 
ble distances. Chemical affinity belongs to Chemistry, and will not 
be considered here. 

22. Cohesion and Adhesion. —Coueston is the force 
that holds molecules of the same kind together. 

AvueEsIon holds unlike molecules together. 

The permanent form of solid bodies depends upon cohesion, 
which binds the particles together and keeps them in place. 

If a solid body be broken or divided in any way, the parts cannot, 
in general, be made to cuhere by siinply bringing them together. 


14 SPECIFIC PROPERTIES OF MATTER. 


The reason is that the molecules are not brought near enough to 
each other for cohesion to act. In the case of certain bodies, how- 
ever, the parts may be brought within the range of molecular 
attraction, by pressure, by partial melting, or by simple contact. 

Two pieces of lead with smooth, freshly cut surfaces will cohere 
strongly if pressed firmly together. Several pieces of iron may be 
formed into one coherent mass by the process of welding, in which 
the parts are softened by intense heat, and then hammered together. 

If a piece of pure india-rubber be cut in two, and the parts brought 
together again, they will unite and cohere strongly. 

The force of adhesion gives value to mortar, glue, and all 
kinds of cements. 

SoLutron is due to adhesion. ‘Thus, when sugar dissolves 
in water, it is because the adhesion between the molecules of 
sugar and water is stronger than the cohesion between the 
molecules of sugar. When a liquid tends to spread over the 
surface of a solid it is said to wet it, as water upon glass. If 
it gathers in globules it does not wet it, as quicksilver upon 
glass. 

In the first case the force of adhesion between the water and the 
glass overcomes the foree of cohesion which would tend to collect 
the water in globules. In the second ease the formation of the 
globules shows that the foree of cohesion in the mereury is greater 
than that of adhesion between the glass and the mercury, 


my 
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Fig. 6. Fig. 7. Fig. 8. 


23. Capillarity.— When a body is plunged into a 
liquid which is capable of wetting it, as when a glass rod is 
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plunged into water, it is observed that the liquid is slightly 
elevated about the body, taking a concave form, as shown in 
Fig. 6. 

If a hollow tube is used instead of a rod, the liquid will 
also rise in the tube, as shown in Fig. 7. The smaller the 
bore of the tube, the higher will the liquid rise, and the more 
coneave will be its upper surface. A tube one hundredth 
of an inch in diameter will support a column of water four 
inches high. 

Instead of a tube two plates of glass brought very near together 
may be placed in water, and the water will rise in the space between 
them. The uearer the plates, the higher the liquid will rise. Two 
plates one hundredth of an inch apart 
will support a column of water two 
inches in height. If the plates are in 
contact at the edges on one side, and 
slightly separated at the other, as shown 
in Fig. 9, the water takes the shape of 
a curve called the hyperbola. 

When a tube is plunged into a liquid 
which is not capable of wetting it, as 
when glass is plunged into quick- 
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silver, the liquid is depressed both on 
the outside and on the inside, taking a convex surface, as shown in 
Fig. 8. The smaller the tube, the greater will be the depression, 
and the more convex will be the upper surface. 


24. Applications of Capillarity. — It is in consequence of 
eapillary action that oil is raised through the wicks of lamps, to 
supply the flame with combustible matter. The fibres of the wicks 
leave between them a species of capillary tubes, through which the 
oil rises. 

If a piece of sugar have its lower end dipped in water, the water 
will rise through the capillary interstices of the sugar and fill them. 
This drives out the air and renders the sugar more soluble than when 
plunged dry into water, in which case the contained air resists the 
absorption of water, and retards solution. 

Ifa bar of lead be bent into the form of a siphon, and the short 
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arm be dipped into a vessel of mercury, the mereury will rise into 
the lead by capillary action, and flowing over the edge of the vessel 
will descend along the lower branch and escape from the lower 
extremity. In this way the vessel may be slowly emptied of the 
quicksilver. 

Many fluids may be drawn over the edges of the containing vessels 
by a siphon of candle-wicking or other capillary substance. 

25. Absorption is the penetration into a porous body, of 
any foreign body, whether solid, liquid, or gaseous. 

Carbon, in the form of charcoal, has a great capacity for 
absorbing gases. If a burning coal be introduced into a bell- 
glass filled with carbonie acid collected over mercury, the 
volume of the gas is diminished by being absorbed by the 
coal. It is found that the charcoal absorbs in this way thirty- 
five times its own volume of the gas. Charcoal also absorbs 
other gases in even still greater quantities. 

Spongy platinum absorbs hydrogen so rapidly as to heat 
the platinum red-hot. 

In vegetables and animals we have many examples of absorption. 
The roots of plants absorb from the earth the material necessary to 
the growth of the stem and branches. 

In the animal world, absorption plays an important part in the 
process of nutrition and growth. Animal tissues also absorb solid 
substanees. For example, workinen engaged in handling lead ab- 
sorb through the skin and lungs more or less of this substance, which 
often gives rise to very serious diseases. 

When vegetable and animal substances absorb water, they gen- 
erally augment in volume. This faet explains many phenomena of 
daily observation. 

If a large sheet of paper be moistened, it inereases in size, and 
vgain contracts when dried. This property is employed by draughts- 
men to stretch paper on boards. The paper is moistened, and after 
being allowed to expand, its edges are glued to a drawing-board ; 
on drying it is stretched, forming a smooth surface for drawing upon. 
The same property causes the paper to peel from the walls of a room 
when exposed to moisture. 

When a workman would bend a piece of wood, he dries one side 
and moistens the other. The side which is dried contracts, and the 
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opposite side expands, so that the piece is curved. It is the absorp- 
tion of moisture that causes the wood-work of houses, furniture, ete., 
to swell and shrink with atmospheric changes, and which necessi- 
tates their being painted and varnished. Paints and varnishes, by 
filling the pores, prevent absorption. 


26. Osmose. — If two liquids of different kinds are sepa- 
rated by a porous or membranous partition, each liquid will 
begin to pass through the membrane and mix with the other, 
and after a time there will be a mixture of both liquids on 
each side of the partition. This movement of the liquids is 
called osmose. ‘The currents are generally unequal, so that 
there is an actual gain of substance on one side, and a cor- 
responding loss on the other. 

The current that acts to produce an increase on one side 
is called endosmose, and the opposite current is called ex- 
osmose. 


To illustrate this process, let a blad- 
der filled with strong syrup be tied to 
the end of a glass tube, and the whole 
placed in a vessel of water, as shown in 
the figure. The syrup soon becomes di- 
luted by the flowing in of water, and the 
mixture rises in the tube; at the same 
tine a portion of the syrup flows out 
and mixes with the water. The flowing 
in of the water is endosmose, and the 
flowing out of the syrup is exosmose. 
Similar results are obtained by using 


other liquids. 

The principle of osmose is of very 
great importance in animal and vegetable 
physiology. The circulation of fluids a = 
through the tissues and vessels of the 2=% nS 
animal body, the absorption of water > — 
by the roots of plants, the circulation 
of the sap, and imany other vital phenomena depend upon this 


Fig. 10. 


principle. 
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27. Dialysis. — The practical application of the principle 
of osmose in separating the constituents of a liquid is called 
dialysis. 

Substances which are capable of forming crystals will, when in 
solution, readily pass through membranes or porous partitions. Pure 
sugar and various kinds of salts are substances of this kind. 

On the other hand, substances which do not crystallize, like gela- 
tine, gum arabic, ete., do not so readily pass through septa. Hence 
pure crystallizable sugar may, by this process, be separated from the 
syrup of sorghum, or that of the beet-root, which contains gummy 
substances that would otherwise prevent crystallization. 


28. Tenacity is the resistance which a body offers to 
rupture when subjected to a force of traction, that is, a 
force which tends to tear the particles asunder. 


The tenacity of a body may be determined in pounds. For this 
purpose it is wrought into a cylindrical form, having a given cross- 
section ; its upper end is then made fast, and a seale-pan is attached 
to the lower end; weights are then placed in the pan until rupture 
takes place. These weights measure the tenacity of the body. 

Metals are the most tenacious of bodies, but they differ greatly 
from each other in this respect. The following table exhibits the 
weights required to break wires of ;$55, of an inch in diameter, formed 
of the metals indicated : 


LOU. o5 ee. 8 ee ee seed ee as 
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Tt has been showu by theory and coufirmed by experiment, that 
of two cylinders of equal length and containing the same amount of 
material, one being solid and the other hollow, the latter is the 
stronger, 

This latter principle is also true of cylinders required to support 
weights; the hollow cylinder is better adapted to resist a crushing 
force than the solid one of the same weight, and henee it is that 
columns and pillars for the support of buildings are made hollow. 
This principle also indicates that the boues wud quills of birds, the 
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stems of grasses and other plants, being hollow, are best adapted to 
secure a combination of lightness and strength. 

The tenacity of metals is greatly inereased by drawing them into 
wire. Hence cables formed of fine iron wire twisted together are much 
stronger than chains or solid rods of the same weight. Such cables 
are extensively used for suspension bridges and for many other 
purposes, 

29. Hardness is the resistance which a body offers to 
being scratched or worn by another. Thus, the diamond 
scratches all other bodies, and is therefore harder than any 
of them. 

For the purpose of determining the relative hardness of minerals, 
the following scale has been adopted, in which any substance is 
scratched by those above it in numerical order: — 


SCALE OF HARDNESS OF MINERALS. 


1. Tale. 6. Feldspar. 
2. Gypsum. 7. Quartz. 
3. Cale-spar. ° 8. Topaz. 
4. Fluor-spar. 9. Sapphire. 
5. Apatite. 10. Diamond. 


A body which neither scratches nor is seratched by any given 
mineral of the table is said to be of the degree of harduess repre- 
sented by that mineral. 

If it seratches one of them, but is itself scratched by the next 
one above it in the scale, the degree of hardness is between the 
two with which it is compared. Thus, a piece of the mimeral 
scapolite can be scratched by feldspar, but will scratch a piece of 
apatite; hence its hardness is between 5 and 6 of the scale. 

Hardness inust not be confounded with resistance to shocks or 
compression. Glass, diamond, and rock-erystal are much harder 
than iron, brass, and the like, and yet they are less capable of re- 
sisting shocks and forces of compression; they are more brittle. 

An alloy or mixture of metals is generally harder than the sepa- 
rate metals of which it is composed. Thus, gold and silver are soft 
metals, and, in order to make them hard enough for coins and jewelry, 
they are alloyed with a small portion of copper. In order to render 
block-tin bard enough for the manufacture of domestic utensils, it is 
alloyed with a small quantity of lead. 
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The property of hardness is utilized in the arts. To polish bodies, 
powders of emery, tripoli, and other hard minerals, are used. Dia- 
inond being the hardest of all bodies, it can be polished only by 
means of its own powder. Diamond-dust is the most efficient of 
the polishing substances. 


30. Ductility is the property of being drawn out into 
wires by forces of extension. 


Wax, clay, and the like, are so tenacious that they can easily be 
flattened by forces of compression, and readily wrought between the 
fingers. Such bodies are plastic. Glass, resins, and the like be- 
come tenacious only when heated. Glass at high temperatures is 
so highly ductile that it may be spun into fine threads and woven 
into fabrics. Many of the metals, as iron, gold, silver, and copper, 
are ductile at ordinary temperatures, and are capable of being drawn 
out into fine wires by means of wire-drawing machines. 

The following metals are arranged in the order of their ductility : 
platinum, silver, iron, copper, gold, zine, tin, lead. 


31. Malleability is the property of being flattened or 
rolled out into sheets, by forces of compression. 

This property often augments with the temperature; every one 
knows that iron is more easily forged when hot than when cold. 
Gold is highly malleable at ordinary temperatures. Gold is reduced 
to thin sheets by being rolled out into plates by a machine; these 
plates are cut up into small squares, and again extended by ham- 
mering until they become extremely thin. They are then cut up 
again into squares, and hammered between wnembranes, ealled gold- 
beater’s skins. By this process gold nay be wrought into leaves so 
thin that it would take 282,000, placed one upon another, to make 
an inch in thickness. These leaves are employed in gilding metals, 
woods, paper, and the like. Silver and copper are wrought in the 
same manner as gold. 

The most malleable of the metals are not necessarily the most 
duetile. Lead and tin, for example, have very little ductility, but are 
malleable to a very high degree. Zine is ouly slightly malleable 
when cold, but is easily rolled out into sheets at a temperature of 
300° or 400° F. 

The malleability of the metals is not the same when hammered as 
when rolled, ‘The following is the order of malleability woder the 
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hanmer: Lead, tin, gold, zinc, silver, copper, platinum, iron. 
Under the rolling-mill the order is as follows: Gold, silver, copper, 
tin, lead, zinc, platinum, tron. 
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CHAPTER IL 
MECHANICAL PRINCIPLES. 


SECTION I.— MOTION AND FORCE. 


32. MECHANICS is that branch of Physies which treats 
of the laws of rest and motion. It also treats of the 
action of forces upon bodies. 

33. Rest and Motion. —A_ body is at resr when it re- 
tains its position in space. It is in mMoTION when it continu- 
ally changes its position in space. 

A body is at rest with respect to surrounding bodies, when 
it retains the same relative position with respect to them, and 
itis in motion with respect to surrounding objects when it 
continually changes its relative position with respect to them. 
These states of rest and motion are called Relative Rest and 
Relative Motion, to distinguish them from Absolute Rest and 
Absolute Motion. 


When a body remains fixed on the deck of a moving vessel or boat, 
it is at rest with respect to the parts of the vessel, although it par- 
takes with them in the common motion of the vessel. When a man 
walks about the deck of a vessel, he is in motion with respect to the 
parts of the vessel, but he may be at rest with respect to objects on 
shore; this will be the case when he travels as fast as the vessel 
sails, but in an opposite direction. In consequence of the earth’s 
motion around its axis and about the sun, together with the motion 
of the whole solar system through space, it is not likely that any part 
of our systein is in a state of absolute rest at any time. 


34. Uniform Motion is that in which a body passes over 
equal spaces in equal times. ‘Thus, every point on the sur- 
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face of the earth is, by its revolution, carried around the axis 
with a uniform motion. 

In this kind of motion the space passed over in one second 
of time is called the velocity. Thus, if a train of cars travel 
uniformly at the rate of 20 miles per hour, its velocity is 
29.5 feet. Instead of taking a second as the unit of time, we 
might adopt a minute or an hour. In the same case as before 
we might say that the velocity of the train is one third of a 
, mile per minute, or twenty miles per hour. 

35. Waried Motion — Accelerated and Retarded 
Motion. — Varrep Moron is that in which a body passes 
over unequal spaces in equal times. If the spaces passed over 
in equal times go on increasing, the motionis accelerated ; such is 
the motion of a train of cars when starting, or that of a body 
falling towards the surface of the earth. If the spaces passed 
over go on decreasing, the motion is retarded; such is the 
motion of a train of cars when coming to rest, or that of a 
body thrown vertically upwards. 

When the spaces passed over in equal times are continually 
increased or decreased by the same quantity, the motion is 
uniformly accelerated, or uniformly retarded. The motion of 
a body falling in a vacuum is uniformly accelerated ; that of a 
body shot vertically upwards in a vacuum is uniformly re- 
tarded. 

36. Laws of Motion.— The principles of Mechanics 
are all based upon three propositions, known as New- 
ton’s Laws of Motion. The following is — 


37. Newton's First Law. — Hrery body continues in a 
state of rest or of uniform motion in a straight line unless it ts 
acted upon by some external force. This is called the Law of 
Inertia’ because it depends upon that property of matter. 

That a body cannot set itself in motion, and that bodies set in 
notion tend to move in straight lines, are facts that are verified by 
every-day observation. 

It is not so obvious that a state of motion is as natural to a body 
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as a state of rest, but a little consideration of certain facts will show 
that this is also true. 

In the first place, it may be observed that whenever a moving 
body is brought to rest it is in consequence of resistance of some 
kind; and in proportion as the resistance is removed the motion is 
longer continued. Thus, a ball rolled along the ground will soon 
be stopped ; if rolled with the same force upon a smooth floor it will 
go much farther, and still farther if rolled along a smooth sheet of 
ice. We cannot prove that it would continue to move on uniformly 
forever if there were no resistance, but we may infer that it would 
from the fact that the less the resistance the more uniform is the rate 
of motion, and the longer it continues to move. 


38. Newton’s Second Law. — The following is New- 
ton’s Second Law of Motion : — 

Motion, or a change of motion, ts proportional to the force im- 
pressed, and 1s in the direction of the line in which that force acts. 

In order to understand the action of a force, three things must 
be known: its point of application, its direction, and its intensity. 

The point of application is the point where the force exerts 
its action. 

The direction of a force is the line along which it acts. 

The intensity of a force is the energy with which it acts. 


The intensity of a force is measured in units of weight; thus, a 
force of fifty pounds is the force required to sustain a weight of fifty 
pounds. The intensity of a foree may be represented by a distance 
laid off on its line of direction. Assuming some unit of length, say 
one tenth ofan inch, to represent one pound, this is set off as many 
times as the force contains pounds. 

C The diagram here given represents two forces applied 
at the point A, and acting at right angles to each other 
towards Band C respectively. Let the foree which acts 

from <A towards B 
equal twenty pounds, 
and that which acts 
from A to C equal ten 
-*B pounds. 
Fig. 11, Adopting the scale 
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of one tenth of an inch to the pound, the line A B must be two inches, 
and the line 4A C one inch in length, to represent correctly the relative 
intensity of the two forces. 


39. Simple and Compound Motion. — Simple motion 
is produced by the action of a single force. Compound 
motion is produced by the simultaneous action of two or more 
forces. When a body is acted upon by a single force it will 
move in a straight line in the direction of that force. 

If a body is acted upon by two or more forces in the same 
direction, it will move with an intensity represented by the 
sum of the forces. If acted upon by two forces in opposite 
directions, it will move with an intensity represented by the 
difference of the forces, and in the direction of the greater 
force. 

If two or more forces act upon a body, neither in the same 
nor in opposite directions, but in lines forming some angle 
with each other, it will not, in general, move in the direction 
of any one of them, but will move in some intermediate di- 
rection as if impelled by a single force. 

In any of these cases the single force which results from the 
combination of two or several forces is called their Resultant. 

The separate forces are called Components of the resultant. 


40. Parallelogram of Forces.—JIn the diagram let 
ABand AD represent two forces acting at A, their resul- 
tant will be represented by 
AC. That is, if two forces 


are represented tin direction 


A 


and intensity by the adjacent 
sides of a parallelogram, 


their resultant will be repre- 


Fig. 12. 


sented in direction and in- 
tensity by that diagonal which passes through their point of 
intersection. 

This principle is called the Parallelogram of Forces. 

The operation of finding the resultant when the compo- 
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nents are given is called Composition of Forces ; the reverse 


operation is called Resolution of Forces. 


Fig. 13. 


When two forces 
are applied at the 
same point,as shown 
in Fig. 13, we lay 
off distances A Band 
AD to represent the 
forces, and having 
completed the paral- 
lelogram,we draw its 
diagonal AC; this 
will be their result- 
ant. If the result- 
ant AC is known, 
and the directions 
of its components 


are given, we draw through C’ the lines CD and CB parallel 
to their directions; then will the intercepted lines A D and 


A B be components of the force A C. 


41. Example of Composition of Forces. — A bird, in 
flying, strikes the air with both wings, and the latter offers a 
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resistance which propels him forward. Let A A and A A, in 
Fig. 14, represent these resistances. Draw A Band AD equal 
to each other, and complete the parallelogram A C; draw also 
the diagonal AO. Then will A C represent the resultant of 
the two forces, and the bird will move exactly as though im- 
pelled by the single force CA. 


42. Example of Resolution of Forces. — When asail- 
boat is propelled by a breeze acting on the quarter in the 
direction va (Fig. 15) we may, by the rule in Art. 40, 
resolve the intensity of the wind into two components, 
one, ea, in the direction of the keel, and the other, aJ, 


at right angles to it. The first component alone is effective 
in giving a forward motion to the boat, whilst the second 
is partly destroyed by the resistance which the water offers 
to the keel, and partly employed in giving a lateral motion 
to the boat. This lateral motion is called leeway. 


43. Resultant of Parallel Forces. — When two forces 
act in the same direction, as when two horses pull at the ends 
of a whiffletree to draw a wagon, their resultant is equal to the 
sum of the forces. When they act in a contrary direction, as 
in the case of a steamboat ascending a river, where the force 
of the engine acts to propel the boat forward while the cur- 
rent acts to retard its progress, their resultant is equal to the 


difference of the forces. 
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44. Composition of more than Two Forces. —If 
more than two forces act upon the same point, the resultant 
of any two may be combined with a third, this resultant with 
a fourth, and so on. The last resultant will represent the 
combined action of all the given forces. 
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45- Momentum. — 7he Momentum of a body is its quantity 
of motion. 

It may also be defined as the measure of the force with 
which a body moves. 

If the same amount of force is employed in putting in 
motion bodies of different weight, it is evident that the 
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greater the weight of the body the less will be the velocity 
imparted. <A force that will move a body of one pound 
weight through a space of ten feet in a second, will move a 
body weighing two pounds through only half the space in the 
same time. 

It is evident, however, that the quantity of motion will be 
the same in each case; for if we suppose the larger body to 
be divided into two equal parts which move side by side, 
the sum of the distances described will be equal to the dis- 
tance through which the body weighing one pound will move 
in the same time. 

Of two equal masses that which moves with the greater 
velocity has the greater momentum ; of two unequal masses 
having the same velocity, the heavier mass has the greater 
momentum. 

Momentum depends, therefore, upon weight and velocity, 
and may be estimated by the following rule : — 

Multiply the weight of the body by its velocity. 

Example. What is the momentum of a ten-pound ball moving at 
the rate of 500 feet per second ? 

LO << S00 S000 Aris, 

It will be seen that according to this rule bodies of immense 
weight may move with great force, though the rate of motion may 
be very slow. For example, an iceberg, whose motion is hardly 
perceptible, may exert a tremendous crushing force upon any object 
with which it comes in contact. 

A large vessel moving slowly up to a wharf has so great mo- 
mentum that unless some precaution be used there is danger of 
damage both to the vessel and the wharf. To prevent this it is 
customary to place a coil of rope or some other elastic and yielding 
substance between the sides of the vessel and the wharf. 

On the other hand, a body of very small weight may move with 
velocity so great as to exert a greater force than a large body moy- 
ing slowly. Thus, a bullet fired from a gun has a greater momen- 
tum than a stone many times heavier thrown from the hand. 


46. Collision of Bodies. —The term momentum, as now 
generally used, refers only to the force expended in the 
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motion of the moving body itself, and to its power of com- 
municating motion to other bodies. This does not represent 
the whole effect which a moving body produces upon another 
body upon which it strikes. 


If a bullet is fired into a wooden block, which is suspended by a 
cord so that it is free to move, the momentum of the bullet is trans- 
ferred to the block, and the momentum of the block after impact is 
equal to that of the bullet before it strikes. But the force of the 
bullet is not all expended in setting the block in motion; it pene- 
trates the block to a greater or less extent according to its velocity. 

If the whole of the force with which a body moves is expended 
upon an immovable obstacle, it is found that the effect produced is 
proportional to the square of the velocity. 

Thus, suppose a bullet to be fired into an immovable block, with 
a foree that causes it to penetrate to the depth of one inch ; if it strike 
the block with tvice that velocity it will sink into it four inches; or 
with three times the velocity, to the depth of nine inches. 


47. Striking Force. — The power of a moving body to 
overcome resistance is called its striking or living force (vis 
viva), and is proportional to the square of the velocity. 

It appears, then, that two bodies may have the same momentum 
and at the same time differ greatly in their striking force. 

For example, an iron ball weighing 50 pounds and moving 100 
feet per second, and a second ball weighing 5 pounds and moving 
1,000 feet per second, will have the same momentum (= 5,000). The 
striking force of the first will equal 50 & 100? = 500,000. That of 
the second will be equal to 5 & L000? = 5,000,000, — Hence, if both 
were thrown against a bank of earth, the second would penetrate ten 
times as far as the first. This subject will be further treated of un- 
der the head of Energy. 


48. Action and Reaction— Newton’s Third Law. — 
We use the term Action to denote the power which a moving 
body has to impart motion or foree to another body, and the 
term Reaction, to express the power which the body acted upon 
has to deprive the acting body of its motion or foree, or to 
impart motion in an opposite direction. 
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The following is Newton’s Third Law, which expresses the 
relation of these two forms of force. 

Action and reaction are always equal, and are in opposite di- 
rections. 

49. Reaction in Non-Elastic Bodies. — Let two balls 
of clay or some other non-elastic substance be suspended by cords 
of equal length, so as to hang side by side 
in front of a graduated are, as shown in 
Fig. 16. If one be drawn aside and let fall 
so as to strike the other, both will move 
forward, but not so far as the first would 
have moved alone. If the balls are of equal 
mass, the two will move together through 
half the distance that the first alone would 
have traversed. The first ball loses half its 
momentuin by the reaction of the second, 
and the second gains precisely the same 
amount of momentum by the action of the 
first. The momentum of the combination therefore remains the same 


after impact as before. 
. 50. Reaction in Elastic Bodies. —If two equal balls 
of some elastic substance, as ivory, be similarly placed, and 
the same experiment repeated, the first ball will give the 
whole of its motion to the second and remain motionless, 
while the second ball will swing as far as the first would 
have gone had it met no resistance. In this case, also, 
action and reaction are equal ; > _ 
for the same amount of force / 
required to stop the first ball / 
suffices to give an equal mo- “a 
tion to the second. / 
The same principle may be © 
illustrated by using several elas- 
tic balls of equal weight, as shown 


in Fig. 17. 
Let the ball H be drawn out a certain distance and let fall 
upon G, the next in order; it will then communicate its motion 
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Fig. 17. 
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to G@ and receive a reaction from it which will destroy its own 
motion. 

But the ball G cannot move without communicating the motion 
it received from H to F, and receiving from F’ a reaction which will 
stop its motion. In like manner the motion and reaction are re- 
ceived by every one of the balls Z, D, C, B, A, until the last ball, A, 
is reached; but there being no ball beyond K to act upon it, A will 
fly off as far from A as H was drawn apart from G. 

These results would be strictly as stated if the balls were perfectly 
‘elastic. In practice it will be found that the last ball will not move 
quite so far as the theory requires, while the whole system will be 
slightly thrown forward by the foree of the first ball. 

A few familiar and interesting illustrations of this law may serve 
to call the attention of the student to the large number of examples 
he meets with in his every-day life. } 

The flight of birds, the onward motion of the steamboat, the 
rebound of the hammer from the anvil, the recoil of a gun, the 
ascent of a rocket, are common examples of the law. When we 
strike the table with the hand, it is the reaction of the table that 
hurts the hand; so, when we spring from the ground, the earth is 
really pushed away from us. The motion is not seen, however, 
because it is diffused through so large a mass. 


51. Reflected Motion. — When an elastic body is thrown 
against a hard, smooth surface reaction causes it to rebound, 
If it be thrown in a direction perpendicular to the surface, it 
will rebound in the same direction; if thrown obliquely, it 
will rebound obliquely in an opposite direction. The direc- 
tion in which the body approaches the reflecting surface is 
its Line of Incidence, and that in which it rebounds the Line 
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of Reflection. The angle included between the line of inci- 
dence and a perpendicular to the surface is called the Angle 
of Incidence. 'The angle included between the line of reflec- 
tion and the perpendicular is called the Angle of Reflection. 

The Angle of Reflection is equal to the Angle of Incidence. 
This is the Law of Reflected Motion. : 

In the illustration given in Fig. 18, a ball shot from A will be 
reflected at B back to C, making the angle C B D equal to A B D. 
The law here given applies not only to the motion of solid bodies, 
but to all forces which act in straight lines and are capable of reflee- 
tion. It is especially important in its application to the laws of 
Heat and Light. 


52. Centrifugal and Centripetal Forces. — The Cen- 
trifugal Force, so called, is not properly a force, but is simply 
a manifestation of inertia. It is the resistance which a moving 
body offers to a force which tends to turn it from its course. 

In consequence of its inertia, a body always tends to move 
in a straight line, and if we see it move in a curved line it is 
because some force is acting to turn it from its path. This 

deflecting force has been called the Centripetal Force, because 
in circular motion it tends to draw the moving body towards 
the centre of the circle. 

If a ball is whirled about the hand, being retained by a 
string, it has a continual tendency to fly off, which tendency 
is resisted by the strength of the string; the tendency to fly 
off is due to the centrifugal force, and that which resists this 
tendency is the centripetal force. 

The curved path in which a body moves may 

be regarded as made up of short straight lines ; 
and if at any instant the centripetal force is de- 
stroyed, the body will continue to move along 
that line on which it was situated, that is, its new 


path will be tangent to its old one. 

In the example given above, if the string is 
broken in whirling, the centripetal force no longer 
acts, and the ball in consequence of its inertia moves on in a straight 
line which is tangent to the cirele, as shown in Fig. 19. 


Fig. 19. 
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The existence of the centrifugal force may be shown experiment: 
ally by the apparatus represented in Fig. 20. In consists of a bar, 
A B, having its ends beut up so as to hold a wire which is stretched 
between them. On this wire two ivory balls are strung so as to 
slide along it, and the whole bar is made to turn about an axis at 
right angles to it by means of a crank and two bevelled wheels. 
When the bar is made to revolve about the axis, the balls, acted upon 
by the centrifugal force, are thrown against the end of the bar with 
an energy which becomes greater as the motion of revolution becomes 
more rapid. 


Fig. 20. 


53. Some Effects of the Centrifugal Force. — Wher 
a train of cars turns round a curve in the road, the centrifugal force 
tends to throw the train off the track, a tendency which is resisted by 
raising the outer rail and by making the wheels conical. 

It is in consequence of the centrifugal foree, that the mud adhering 
to the tire of a carriage-wheel is thrown off in all directions. 

In the circus, where horses are made to travel rapidly around in a 
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curved path, the centrifugal force tends to overturn them outwards, 
which tendency is partly overcome by making the outside of the 
track higher than the inside, and partly by both horse and rider 
inclining inwards, so as to make the resultant of their weight and 
the centrifugal force perpendicular to the path. 

When a sponge filled with water and held by a string is whirled 
rapidly around, the centrifugal force throws off the water and leaves 
the sponge dry. This principle has been used for drying clothes in 
the laundry. 

A very remarkable effect of the centrifugal force is the flattening 
of our earth at the poles. The earth turns on its axis every twenty- 
four hours, which rotation gives rise to a centrifugal force at every 
point of its surface. At the equator the centrifugal force is greatest, 
because the velocity is there the greatest, and from the equator it 
grows feebler towards each pole, where it is zero. The centrifugal 
force at every point is perpendicular to the axis, and may be resolved 
into two components, one directed outwards from the centre, and the 
other perpendicular to this. The former component lessens the 
weight of bodies, and the latter acts to heap the particles up towards 
the equator. It has been found that the eartb is a spheroid, flattened 
at the poles. The polar diameter is about twenty-six miles shorter 
than the equatorial diameter. Observations 
upon the heavenly bodies show that other 
planets are in like manner flattened at their 
poles. 

The manner in which the centrifugal 
force acts to flatten a sphere is shown ex- 
perimentally by an apparatus represented 
in Fig. 21. This apparatus consists of a 
vertical rod to which a motion of rotation 
may be imparted, as shown in Fig. 20. 
At the lower part of this rod four strips 
of brass are firmly fastened and bent into 
cireles, as shown by the dotted lines ; their 


Fig. 21. 


upper ends are fastened to a ring which is 
free to slide up and down the rod. When the axis is made to revolve 
rapidly, the centrifugal force causes the ring to slide down the rod, 
the hoops become more curved, as shown in the figure, and the whole 
assumes the appea rance of a flattened sphere. 
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There is a tendency in all bodies to revolve about their shortest 
axis, and from this fact we infer that the earth will always maintain 
its present rotation about its shortest or polar diameter. 

This principle can be verified in various ways. If a cylinder be 
suspended by a string which is attached a little to one side of the 
‘longer axis, and then be made to revolve rapidly by twisting the 
string, the cylinder will change its position and revolve about an 
axis perpendicular to its length; that is, it rotates about its shorter 
axis. 

This same tendency is observed if, instead of a cylinder, we use a 
cone, chair, or ring. 


54. The Gyroscope (Fig. 22) is an instrument to illustrate 
the composition of rotary motions. It consists of a disk, 7’, 
revolving in a ring, C. 

The disk is made to rotate by winding a 
cord about the axis and then suddenly pull- 
ing it off. While in rapid rotation the end 
of the axis is placed upon the pivot, P; 
instead of falling, the whole begins to re- 
volve rapidly in a horizontal plane about 
the vertical support, Pg. If the ring, C, 
be depressed while the disk is in motion it 
will rise again and revolve in the same 

Fig. 22. plane as before. 

This motion is the resultant between the foree of gravity and the 

rotary motion of the wheel. 
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SECTION II. — PRINCTPLES DEPENDENT ON THE ATTRACTION OF 
GRAVITATION. 


55- Universal Gravitation. —The earth exerts a force 
of attraction upon all bodies near it, tending to draw them 
towards its centre. This force, called the Force of Gravity, 
when unresisted, imparts motion, and the body is said to 
fall; when resisted, it gives rise to pressure, which is called 
Weight. 

Newton showed that the force of gravity, as exhibited at 
the earth’s surface, is only a particular case of a general 
attraction extending throughout the universe, and continually 
tending to draw bodies together. This general attraction he 
ealled Universal Gravitation. It is mutually exerted between 
any two bodies whatever, and it is by virtue of it that the 
heavenly bodies are retained in their orbits. 
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The law of Gravitation discovered by Newron, may be ex- 
pressed as follows: Any two bodies exert upon each other a mutual 
attraction, which varies directly as their masses, and inversely as 
the square of their distance apart. 

The first part of the law can be best explained by examples. 
When a stone falls to the earth there is a mutual attraction between 
the earth and the stone, but the mass of the former is so much greater 
than that of the latter that no perceptible effect is produced upon it 
by the stone. The attractive influence of the earth is not confined to 
objects in its immediate vicinity, but is felt also by the sun, moon, and 
planets, and these in turn attract the earth. By the superior attrac- 
tion of the earth the moon is compelled to be its constant attendant 
in its ceaseless journey through space. The sun by virtue of its 
vreater mass keeps the planets in their orbits and preserves the har- 
mony of the solar system. If a leaden ball be suspended near the 
precipitous side of a mountain, there will be noticed a leaning of the 
ball from the vertical towards the mountain, 

When we say that any two bodies exert upon each other a 
mutual attraction that varies directly as their masses, we 
mean simply that if one contains twice as much mass as the 
other its power of attraction is twice as great as the other ; 
if its mass is one half as great as that of the other, its power 
of attraction will also be 
one half as great. 

The seeond part of the 
law, that the attraction of 
the bodies varies inversely as 
the square of their distance 
apart, may be further illus- 
trated by Fig. 28. Let S be 
the centre of attraetion, and 
the diverging lines the lines 
of the attractive foree. At 
the distance A from the point 


S the four lines of attraction 
enclose the single square A, and hence it receives the full foree of 
the attraction. The square B is four times as large as A, but 


receives only the same amount of attraction; that is, the attraction 
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is spread over four times as much space, so that a portion of B equal 
in size to A would only be attracted one fourth as much. 

It is plain, then, that as the distance from S increases the attrac- 
tion decreases, and as the distance decreases the attraction increases, 
showing an inverse ratio. We also see that while the attraction of 
one of B’s squares is four times less than A’s, it is only twice as far 
from S; hence, to ascertain the diminution of attraction at B, we 
must square its distance from S compared with A’s distance. (0 is 
nine times as large as A and three times as far from 8; the attraction 
of one of its squares will be one ninth of A’s, 

Since all bodies attract one another we should naturally suppose 
that any two bodies on the earth’s surface would come together, as 
two books placed upon a table; but the superior attraction of the 
earth binds them to the table, and this neutralizes their mutual 
attraction. 


56. Effect of Gravitation on the Planets. — It is by 
the influence of gravitation that the planets are retained in 
their orbits. Their motion is the same as if they had been 
projected into space with an impulse, and then continually 
drawn from the right lines along which inertia tends to carry 
them by the attraction of the sun. ‘The planets also attract 
the sun, but their masses being exceedingly small in com- 
parison with that of the sun, their effects in disturbing its 
position are very small. The orbits of the planets are ellipses, 
differing but little from circles. 


57- The Force of Gravity is that force of attraction 
which the earth exerts upon all bodies, tending to draw them 
towards its centre. 

As has been stated, it is only a particular case of Univer- 
sal Gravitation. It is, therefore, subject to the same law, 
that is, 7 varies directly as the mass of the body acted upon, 
and inversely as the square of ws distance from the centre of the 
earth. 

The shape of the earth has been shown by careful measurement to 
be that of a spheroid, that is, of a sphere slightly flattened at the 
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poles. The mean radius is a little less than 4,000 miles. On account 
of the flattening of the earth at the poles, different points are at 
slightly different distances from the centre, and consequently the force 
of gravity varies slightly at different places on the surface. For 
ordinary purposes, however, we may regard the earth as a perfect 
sphere, and the force of gravity as constant all over its surface. 

58. Vertical and Horizontal Lines.— A VerticaL 
Live is a line along which a body falls freely. All vertical 
lines are directed towards the centre of the earth, but for 
places near together they may be regarded as parallel. 

In Fig. 24, the lines ao and bo are vertical, but if they are not far 


apart, their convergence is so small that they may be taken as par- 
allel. If, however, their distance apart is considerable, they cannot 


I 
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Fig. 24. 


be regarded as parallel. A man standing erect has his body in a ver- 
tieal, and it may happen that two persons on opposite sides of the 
globe, as at EH and FE’, may both stand erect, and yet their heads 
be turned in exactly opposite directions, their feet being turned 
towards each other. Points where this may happen are said to be 
antipodes. 


A Horizontat Line, or PLANE, at any place is one which 
is perpendicular to a vertical line at that place. The surface 
of still water is horizontal, or /evel. For small areas this sur- 
face may be regarded as a plane, but when a large surface is 
considered, as the ocean, it must be regarded as curved, con- 
forming to the general outline of the earth’s surface. 
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Upon the principle of verticals and horizontals all of our 
instruments for levelling and making astronomical observa- 
tions are constructed. 


59- Weight. — The Weianr of a body is due to the force 
of gravity, acting upon all its particles, but it must not be 
confounded with the force of gravity. Weight is only the 
effect of gravity when resisted; when gravity is unresisted 
it produces quite another effect, that is, motion. 

At the same place the weights of bodies are proportional to their 
masses, or the quantities of matter which they contain. We shall 
see hereafter that the weight of bodies may be determined by means 
of the balance ; the force of gravity is determined by the velocity 
which it can impart to a body in a certain time, as will be shown 
more fully hereafter. 


60. Centre of Gravity. —The Centre or Gravity of a 
body is that point through which the direction of its weight 
always passes. 

We have seen that the weight of a body is the resultant of 
the action of gravity upon all of its particles. Now, whatever 
may be the form of a body, or whatever its position, the direc- 
tion of its weight always passes through a single point. This 
point is the centre of gravity. Hence, in calculations, the 
weight of a body may be considered as concentrated in the 
centre of gravity. 

The vertical line which passes through the centre of gravity 
is called the line of direction. 


In the case of solids of regular figure and uniform density, the 
centre of gravity is at the centre of the figure. Thus the centre of 
gravity of a sphere, a cube, or a regular octahedron, is in each case 
at the centre. In a cylinder it is at the centre of the axis; ina 
parallelopipedon, at the intersection of its diagonals; in a pyramid, 
on its axis at one fourth of its length from the base. 


In plates or sheets of uniform thickness and density, the centre of 
gravity is at the centre of the surface, or rather at the middle of the 
short line which joins the centres of the opposite surfaces, 
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When the surface is of irregular outline the position of the centre 
of gravity may be found in the following way : — 

Suspend the body by any part of its edge so that it ean move 
freely, and, by meaus of a plumb-line, mark on it a vertical line from 
the point of suspension ; again suspend it from some other point of 
the edge and mark the vertical line; the point where these lines in- 
tersect will show the centre of gravity. 

By a similar method the position of the centre of gravity in any 
solid body inay be determined ; for it will always be found at the in- 
tersection of any two lines of direction. 

In sone cases the centre of gravity is not within the substance of 
the body itself, as, for example, ina ring, a box, or a cask; yet its 
position nay be determined in precisely the same way. 


Fig. 25. Fig. 26. 

61. Equilibrium of Heavy Bodies. —The centre of 
gravity being the point at which the weight is applied, it 
follows that, if this point is held fast by any support what- 
ever, the effect of the weight is completely counteracted, and 
the body will be in a state of equilibrium. 

If a body has but a single point of support, it ean be in 
equilibrium only when its centre of gravity lies somewhere on 
a vertical through that point. 


—_— 
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If a body has but two points of support, it can be in 
equilibrium only when its centre of gravity lies in a vertical 
drawn through some point of the line joining these two points. 
An example is shown in Fig. 25, which represents a man 
standing on stilts. To be in equilibrium, his centre of 
gravity must be exactly over the line joining the feet of his 
stilts. 

If a body has three supports not in a straight line, it will 
be in equilibrium when the centre of gravity lies on a vertical 
drawn through any point of the triangle formed by joining 
these points. An example is shown in Fig. 26, which repre- 
sents a three-legged table. The centre of gravity being at 
g, the table will be in equilibrium so long as the vertical 
through that point pierces the triangle formed by uniting the 
feet of the table. 


Fig. 27. ' Fig. 28. 


62. Different Kinds of Equilibrium. — When bodies 
are acted upon by the force of gravity alone, and have one 
or more points of support, three kinds of equilibrium may 
exist: Stable, Unstable, and Neutral Equilibrium. 

1. Stable Equilibrium. — A body is in stable equilibrium 
when, on being slightly disturbed from its state of rest, it 
tends of itself to return to that state. 

This will be the case when the centre of gravity is lower 
in its position of rest than it is in any of the neighboring po- 
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sitions, for in this case the weight of the body acting at the 
centre of gravity tends to keep it in the lowest position. If 
slightly disturbed from the lowest position, the weight will act 
to draw it back, and so establish the equilibrium. 


We have an example of stable equilibrium represented in Figs. 27 
and 28, which represent images often met with in the toy-shops. If 
the image be inclined to one side, as shown in Fig. 28, it will by its 
own weight right itself, and take the position shown in Fig. 27. 
These figures are hollow and light, and are ballasted with lead at 
their lower part so as to throw the centre of gravity very low. The 
result is, that when the figure is inclined, the centre of gravity is 
raised, and the weight acts to restore it. The figure settles in its 
primitive state of rest only after several oscil- 
lations, which are due to the inertia of the 
body. The explanation of this oscillation is 
the same as that given for the oscillation of the 
pendulum. 

When the centre of gravity is considerably 
below the point of support, a body may be in 
stable equilibrium even when the base is very 


Fig. 29. } 
narrow. Thus a cork with two pocket-knives 


sticking in it may rest upou the point of a needle and be in stable 
equilibrium, as shown in the figure. In this ease the heavy handles 
of the knives bring the centre of gravity below the point of support. 

In the ease of the toy shown 
in Fig. 80, the heavy ball at- 
tached to the figure brings the 
centre of gravity of the whole 
below the points of support. It 
is therefore another example of 
stable equilibrium. 

2. Unstable Equilibrium. 
—A body is in unstable 
equilibrium when, on being 
slightly disturbed from its 
state of rest, it does not 
tend to return to that state, 
but continues to depart from it more and more, 
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This will be the case when the centre of gravity is higher in its 
position of rest than in any of the neighboring positions. When the 
body is slightly disturbed, the weight acts not only to prevent its 
return, but also to cause it to descend still lower. 

3. Neutral Equilibrium. — A body is in neutral equilibrium 
when, on being slightly disturbed, it has no tendency either 
to return to its former position or to depart farther from it. 


This will be the case when the centre of gravity is at the same 
height when at rest as in any other position; for example, in a ball 
resting upon a horizontal table. 

Examples of the three kinds of equilibrium are given in Fig. 31. 
The cone A is in stable equilibrium, because its centre of gravity is 
at its lowest possible position. The cone B is in unstable equilibrium, 
for though it may possibly be balanced on its apex, the slightest move- 
ment will throw the line of direction beyond the base and the cone 
will fall. The cone C is in neutral equilibrium, because, if it is rolled 
around, the centre of gravity will not be raised or lowered. 


63. Stability of Bodies. — From what has been said in 
the preceding articles, it follows that bodies will in general be 
most stable when their bases are largest. For in such cases, 
even after a considerable inclination, the line of direction 
of the weight will pass within the original base, and the 
weight will act to return the body to its original state of rest. 
Hence chairs, lamps, candlesticks, and many other familiar 
utensils, are constructed with broad bases, to render them 
more stable. 

The leaning tower of Pisa is so much inclined that it appears 
about to fall; yet it stands, because the vertical through the centre 
of gravity passes within the base of the tower. Fig. 32 represents 
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a tower at Bologna, which is even more inclined than that at Pisa. 
This tower was built in the year 1112, and received its inclination 
from unequal settling of the ground on which it was built. It does 
not fall, because the vertical through the centre of gravity, G, passes 
within its base. 


Fig. 82, 


In the cases considered, the position of the centre of gravity re- 
mains the same for the same body. With men and animals the 
position of the centre of gravity changes with every change of atti- 
tude, which requires a proper adjustment of the feet, to maintain a 
position of stability. 

When a man carries a burden, as shown in Fig. 383, he leans for- 
ward, that the direction of his own weight with that of his burden 
may pass between his feet. When a man carries a weight in one 
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hand, as shown in Fig. 34, he throws his body toward the opposite 
side for the same reason. 

In the art of rope-dancing, the great difficulty consists in keeping 
the centre of gravity exactly over the rope. To attain this result 
the more easily, a rope-dancer carries a long pole, called a balancing 
pole, and when he feels himself inclining towards one side, he ad- 
vances his pole towards the other side, so as to bring the common 
centre of gravity over the rope, thus preserving his equilibrium. The 
rope-dancer is in a coutinual state of unstable equilibrium. 
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64. Laws of Falling Bodies. — When bodies starting 
from a state of rest fall freely in a vacuum, that is, 
without experiencing any resistance, they conform to 
the following laws : — 


1. All bodies fall equally fast. 

2. The velocities acquired during the 
fall are proportioned to the times occupied 
in falling. 

3. The spaces passed over are pro- 
portional to the squares of the times 
occupied in falling. 

The first law is verified by the following 
experiment. A glass tube, six feet long 
(Fig. 35), is closed at one end, and at the 
other it has a stop-eoek, by which it ean 
be closed or opened at pleasure. A small 
leaden ball and a feather are introduced 
within the tube. So long as the tube is 
full of air, if it be suddenly inverted, it 
will be observed that the ball reaches the 
bottom sooner than the feather. If now 
the air be exhausted by means of an air- 
pump, and the tube suddenly inverted, 
both the ball and the feather will be seen 
to fall through the length of the tabe in 
the same time. This experiment, besides 
verifying the law, shows also that the air 
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offers a resistance, which is greater for light than fur heavy bodies. 
This resistance is proportional to the surface offered to the direction 
of the fall. 

2. The second law is a consequence of Inertia combined 
with the continued action of gravity. 

Let a body fall from a state of rest, and at the end of the first sec- 
ond it will have acquired a certain velocity. If gravity should then 
cease to act, the body would, in consequence of its inertia, continue to 
fall at the same uniform rate. But the continued action of gravity 
during the next second generates the same velocity as in the first, 
and this added to the velocity acquired during the first second gives 
the velocity at the end of two seconds, which is twice that which is 
attained at the end of the first second. 

So also the velocity at the end of two seconds added to that ac- 
quired during the third second will make the velocity at the end of 
the third second three times as great as at the end of the first second. 
In the same way it may be shown that the velocity at the end of the 
fourth second will be four times as great as at the end of the first, 
and so on. 

The space through which a body will fall, under the in- 
fluence of gravity alone, during the first second is found by 
experiment to be about 16,5 feet. Its average velocity dur- 
ing the first second is therefore 16,'5 feet per second. 


Now, as the body begins to fall from a state of rest, or at the ve- 
locity of zero, it follows that its velocity at the end of the first second 
will be just twice its average velocity dwring that second, or 32% feet 
per second. 

This is the increment of velocity, i. e. the amount by which the 
velocity is increased during each second of the body’s descent. Tak- 
ing the average velocity of the descent during the first second as 
unity, the velocities at the end of each successive second will be rep- 
resented by the series of even numbers 2, 4, 6, 8, ete. 

3. To estimate the space through which the body passes during each 
second of its descent, let 1 represent the space described during the 
first second. Then, in consequence of its acquired velocity alone, the 
body would in the next second pass through two such spaces, while 
the continued action of gravity will carry it through one space, mak- 
ing the total descent 3, that is, three times that of the first second, 
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Then at the beginning of the third second, the body having acquired a 
velocity of 4, its inertia alone will carry it through four spaces, and 
the action of gravity during this second will add one space, makiug 
the whole space traversed in the third second equal 5. 

In the sane way it can be shown that the spaces traversed during 
the sueceeding seconds will be indicated by the series of odd numbers 
7,9, LL, ete, 

It will be seen that the numbers of this series may be obtained by 
adding one to each of the even numbers representing the velocities, 
taking zero to represent the initial velocity. 

4. The total space passed through at the end of any given 
time may be found by adding the numbers which denote the 
space passed through during each successive second ; thus, at 
the end of the fourth second, we find, by adding the numbers 
1,3, 5, 7, that the total space is represented by the number 16. 

It will be seen that this sum is always equal to the square of the 
number of seconds during which the body is falling. 

This agrees with the third law of falling bodies, as previously stated. 

These results are shown in the following table: 16,4ft. = 
the unit of space. 


Number Velocities at the Spaces traversed Total Number of 
of Seconds, End of each Second. during each Second, Spaces traversed. 

l 2 I I 

2 4 3 4 

3 6 5 y 

4 8 7 16 

5 10 9g 25 

6 12 Il 36 

ete. ete. ete, ete. 


From the principles here developed we derive the following 
rules ; — 

1. To find the velocity acquired by a falling body at the 
end of any given time, 

Multiply 32} ft. by the number of seconds in the given time. 


ExAMPLe. Find the velocity of a falling body at the end of the 


tifth second, BAfe. xb=a 1GURft., Ans. 
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2. To find the space passed over during any given second 
of the descent, 

Multiply 1\6ps ft. by that one in the series of odd numbers which 
corresponds to the number of the second. 


EXAMPLE. Find the space traversed by a falling body during the 
fourth second of its descent. 
16}; lio Wa 112,'5 fitieg Ans. 
3. To find the whole distance traversed by a falling body 
during a given time, 
Multiply 1675 ft. by the square of the given number of seconds. 
ExAmpPLE. Find the whole distance traversed by a falling body in 


SIX S€¢ onds. 16, ft. x 36 = 579 fies Ans. 


65. Apparatus for verifying the Laws of Falling 
Bodies. — When bodies are allowed to fall freely from a 
height, it is not easy to compare, or measure accurately, the 
spaces described during each second of their descent. 
Methods have therefore been devised which diminish the 
velocity without otherwise changing the character of the 
motion. The simplest of these methods is that adopted by 
Galileo. He used an inclined plane, having a groove, down 
which a heavy ball was made to roll. By making the incli- 
nation small, the rate of motion was so reduced that it could 


be easily measured. ‘ 
: d ¢ 


Fig. 386. 

In Fig. 36, let the line A B represent an inclined plane, and sup- 
pose the inclination to be such that a ball placed at ¢ will move over 
the space cd in one second. In the next second it will traverse a 
space, de, three times as great, and in the third second a space five 
times as great, as in the first second; and so on in the ratio of the 
series of odd numbers, as given in the table. 

By measuring the space deseribed during any given number of 
seeonds, it will be found to be equal to that described during the first 
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second, multiplied by the square of the number of seconds; thus, if 
the ball moves one foot in the first second, in three seconds it will 
move over a space of nine feet. These experiments verify the laws 
already stated. 

66. Bodies thrown perpendicularly upward. — It 
has been shown that a body falling freely gains in velocity 
5324 feet during each second of its descent. The force of 
gravity diminishes an upward motion in the same degree that 
it increases a downward motion; hence a body thrown per- 
pendicularly upward will dose in velocity 324 feet during each 
second of its ascent. 

The number of seconds during which it will continue to rise 
may therefore be found by dividing its initial velocity, or 
that with which it was projected upward, by 32}. 

For example, a body thrown upward with a velocity of 128% feet 
per second, will continue to rise during four seconds. 

Having found the time, the whole distance to which the body will 
rise is easily ascertained ; for it is the same as the distance through 
which the body would fall in the given time. 

EXAMPLE. Suppose a body thrown upward with a velocity of 
193 feet per second, to what distance will it rise ? 

193 + 32} = 6; 16,5 x 36 = 579 ft. Ans. 

67. Projectiles. — A body thrown into the air at any angle 
is called a projectile. Suppose a ball is fired from A in the 
horizontal direction AF. If 
the foree of gravity did not 
act, the ball would move uni- 
formly in the direction A F, 
passing over equal spaces in 
equal times. If the ball moved 
from A to B in one second, 
it would reach C in two sec- 
onds, J) in three seconds, and 
soon. But if the ball were let fall from A without any other 
force than gravity to act upon it, it would move in a vertical 
direction, and the spaces A LZ, LM, AVN, ete., described in 


Fig. 87. 
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successive seconds, would be as the numbers 1, 3, 5, 7, ete. 
If, now, the ball be acted upon by both these forces, it will 
be found at the close of each second at the extremity of the 
diagonal of a parallelogram whose sides represent these sepa- 
rate motions; that is, at the end of the first second it will be 
found at 1, at the end of the next second at 2, at the end 
of the third at 3, and so on. 

The curve thus described is called a parabola. 

If a ball be fired obliquely upward it will move in a curve of the 
same kind, but varying according to the angle of elevation, as shown 
in Fig. 38. The greatest range or hori- 
zontal distance will be attained with an 
elevation of 45°, and the range will be 
the same for elevations equally above 
or below 45°, as at 20° and 70°. 

These results are correct only for 
bodies moving in a vacuum. In the 
case of bodies moving very swiftly 
through the air, as a cannon-ball or. 
rifle-bullet, the nature of the curve is Fig. 38. 
modified by the resistance of the air. ‘The angle of elevation neces- 
sary for the greatest range is also changed to about 40° instead of 45°. 


68. Time of a Projectile. — A ball fired horizontally 
will reach the level ground at the same time as if it were 
dropped ; if fired obliquely upward, it will reach the ground 
in twice the time required to fall from its highest point of 
elevation. These results are, however, modified by the re- 
sistance of the air. 


Summary. — 
Laws of Falling Bodies. 
Statement of the Laws. 
Verification of First Law. 
Demonstration of Second Law. 
Demonstration of Third Law. 
Tabular Statement. 
Rules and Examples. 
Galileo’s Method. 
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Bodies thrown upward. 
Law and Examples. 
Projectiles. 
Path of a Projectile. 
Time of a Projectile. 


Range of a Projeétile. 


69. The Pendulum.—A Penpvutvum is a heavy body 
suspended from a horizontal axis about which it is free to 
vibrate. Thus, the ball m, suspended from C by a string 
(Figs. 39 and 40), is a pendulum. 

When the centre of the ball, m, 
is exactly below the point of sus- 
pension, C (Fig. 39), it is in equi- 
librium, for in that position the 
action of gravity is resisted by the 
tension of the string. If, however, 
the ball be drawn aside to n (Fig. 
40), it is no longer in equilibrium, 
for in that position the force of 
gravity acts ‘to draw it back to m, 
at which point it will arrive with 
the same velocity as though it had 
fallen through the vertical height om. In consequence of its inertia 
and acquired velocity, the ball does not stop at m, but moves on 
towards p. In descending from m to m, the force of gravity acts 
as an accelerating force, but in ascending from m to p, it acts as a 
retarding foree, henee the ball moves slower and slower until it 
reaches p. The distance mp would be rigorously equal to mn, 
were it not for the resistance of the air. 


™ 


Fig. 39. Fig. 40. 


The ball, having reached p, is in the same state as it was at n; 
the weight again acts to draw it back to m, whence, by virtue of its 
inertia and velocity, it again rises to , and so on indefinitely. 

This backward and forward motion is called Oscillatory Motion. 
A single excursion from » to p or froin p ton, is called a Simple 
Oscillation, or Vibration. An excursion from n to p, and back again 
to n, is called a Double Oscillation. The angle p Cn is called the 
angle of the Amplitude of the oscillation. 

In consequence of the resistance of the air, the amplitude is con- 
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tinually diminishing, and the ball eventually comes to rest, though 
often not till after the lapse of some hours. 


70. Simple and Compound Pendulums. — A Sriue.e 
PENDULUM is such a pendulum as would be formed by sus- 
pending a single material point by a string destitute of 
weight. 

Such a pendulum may exist in theory, and is thus useful in 
arriving at the laws of oscillation, but in practice it can only be 
approximated to by making the ball very sinall and the string very 
fine. 

A Comrotnp Penpttum is any heavy body which is free 
to oscillate about a horizontal axis. 

It may be of any form, but im general it consists of a stem, 7’ 
(Fig. 41), which is either of wood or metal. The stem terminates 
above in a thin and flexible plate, a, usually of steel; it terminates 
below in a disk of metal, LZ, called the ball, which is of a lenticular 
shape, that the resistance of the air to its motion may be as little as 
possible. 

71. Laws of Oscillation of the Pendulum. — The 
oscillations of the pendulum take place in accordance with 
the following laws : — 

1. For pendulums of unequal lengths, the times of oscillation 
are proportional to the square roots of their lengths. 

2. For the same pendulum, the time of oscillation is independent 
of the amplitude, provided the amplitude be small. 

3. For pendulums of the same length, the time of oscillation ts 
independent of the nature of the material. 

Pendulums of wood, iron, copper, glass, all being of the same 
length, will all oscillate in the same time. 

4, For the same pendulum at different places, the times of oscil- 
lation are inversely as the square roots of the force of gravity at 
those places. 

These laws are deduced from a course of inathematical reasoning 
on the theoretical simple penduluin, but they may be verified experi- 
mentally by employing a very sinall ball of platinum, or other heavy 
metal, aud suspending it with a very fine silk thread. 
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To verify the first law with such a pendulum, we begin by making 
it vibrate, and then counting the number of vibrations in one minute. 
Suppose, for example, that it makes seventy-two per minute. Now 
make the string four times as long as before, and it will be found 
that the pendulum makes only thirty-six oscillations per minute. If 
the string is made nine times as long as in the first instance, it will 
be found that the pendulum makes only twenty-four oscillations per 
minute, and so on. In the second case the time of oscillation is twice 
as great, and in the third case it is three times as great as in the first 
ease. Now, because two, three, ete., are the square roots of four, 
nine, ete., it follows that the law is verified. 

To verify the second law, let the same pendulum oscillate, at first 
through an are, p 7” (Fig. 40), and then through any other are, rg; it 
will be found that the number of oscillations per minute is the same in 
each ease. Hence the law is verified. It is to be observed that the 
law does not hold true unless the ares pn and rg are very small, that 
is, not more than three or four degrees. 

The property of pendulumns, that their times of oscillation are 
independent of the ainplitude of vibration, is designated by the name 
isochronism, from two Greek words, signifying equal times ; oscilla- 
tions perforined in equal times are called isochronal. 

GALILEO first discovered the fact that small oscillations of a 
pendulum were isochronal towards the end of the sixteenth century. 
It is stated that he was led to the discovery by noticing the oscil- 
lations of a chandelier suspended from the ceiling of the Cathedral 
of Pisa. 

72. Centres of Suspension and Oscillation. — In the 
compound pendulum the weight of the suspending-rod and of 
the ball are to be considered. Since a short pendulum vi- 
brates more rapidly than a long one, it is plain that the parts 
nearest the point of suspension will tend to vibrate in the 
shortest time, and those farthest from that point in the longest 
time. But the whole must move together, and consequently 
the rapid vibrations of the upper part of the pendulum are 
retarded by the slower vibrations of the lower part. There 
is a point, however, where the natural rate of vibration is 
neither accelerated nor retarded, the accelerating effect of 
the part above being exactly balanced by the retarding 
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effect of the part below. This point is called the centre of 


oscillation. 


The distance between the point of suspension and the 


centre of oscillation is to be taken as the 
effective length of the pendulum. 


73. Applications of the Pendulum, 
—On account of the isochronism/of its 
vibrations, the pendulum has been ap- 
plied to regulate the motion of clocks. 
It was first used for this purpose in 1657, 
by Huyerens, a Dutch philosopher. The 
motive power of a clock is sometimes a 
weight acting by a cord wound around a 
drum, and sometimes a coiled spring 
sunilar to a watch-spring. ‘These motors 
act to set a train of wheel-work in motion, 
which in turn imparts motion to the hands 
that move round the dial to point out the 
hour. It is to impart uniformity of mo- 
tion to this train of wheel-work that the 
pendulum is used. 

Fig. 41 shows the mechanism by means of 
which the pendulum acts as a regulator. A 
toothed wheel, &, called a scape-wheel, is con- 
nected with the train driven by the motor, and 
this seape-wheel is cheeked by an anchor, m, 
which is attached to the pendulum and vibrates 
with it. The anchor has two projecting points, 
mand n, called pallets, which engage alter- 
nately with the teeth of the scape-wheel in 
such a manner that only one tooth can pass 
at each swing of the pendulum. The motor 
turns the scape-wheel in the direction of the 
arrow until one of the teeth comes in contact 


Fig. 41. 

with the pallet m, which stops the motion of the wheel-work till a 
swing of the pendulum lifts the pallet m from between the two teeth, 
when a single tooth passes, and the wheel-work moves on until 
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again arrested by the pallet », falling between two teeth on the 
other side. A second swing of the pendulum lifts out the pallet , 
suffers another tooth to pass, when the wheel-work is again arrested 
by the pallet m, and so on indefinitely. The beats of the pendulum 
being isochronous, the interval of time between the consecutive escape 
of two teeth is always constant, and thus the motion of the wheel- 
work is kept uniform. ‘The loss of foree which the pendulum con- 
tinually experiences is supplied by the motor through the scape-wheel 
and the anchor. This is called the sustaining power of the pendulum. 

Owing to expansion and contraction from variations of tempera- 
ture, the length of the pendulum varies, and according to the first 
law, its time of vibration changes. In nice clocks this change is 
compensated by a combination of metals. In common clocks it is 
rectified by lengthening or shortening the pendulum by a nut and 
screw, shown at v, by means of which the lenticular bob may be 
moved up and down. In summer the pendulum elongates and the 
clock loses time, or runs too slow; this is rectified by serewing up 
the nut and shortening the pendulum. In winter the pendulum 
coutracts and the clock gains time; this is rectified by unserewing 
the nut and lengthening the pendulum. 

74. Compensation Pendulums are made 
by using two metals in such a way that the 
expansion of one part downward may be exactly 
counteracted by the upward expansion of the 
other part, thus making the effective length of 
the pendulum always the same. 


E One of the most common forms is shown in Fig. 
42. It is constructed as follows: The pendulum-rod, 
AB, supports a glass jar partly filled with mereury, 
enclosed in the steel framework, 7’ CDE. When 
the weather is warm, the rod and framework expand 
and thus inerease the length of the pendulum. But at 
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the same time the mereury in the glass jar expands and 
rises, so that by a proper adjustment the centre of 
~oscillation is carried as far upward by the expansion 
of the mereury as downward by the expansion of the 


Fig. 42. 


rod and framework. The distance between the centres 
of suspension and oscillation remaining the same, the vibrations of 
the penduluin continue unaltered. 
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In another form of the compensating pendulum, the ball is sup- 
ported by a framework composed of rods of different metals, so 
adjusted that the downward expansion of one part is exactly com- 
pensated by the upward expansion of the other part. 

In the form shown in Fig. 48, called the gridiron pendulum, there 
are five steel bars expanding downward and four 
brass bars expanding upward. As the relative 
expansibility of brass compared with steel is as 
100 to 61, the length of the steel bars is 4,° that 
of the brass. 

75. Length of the Seconds Pendu- 
lum. — The length of the pendulum vibrat- 
ing seconds has been very accurately deter- 
mined. At the same place it is invariable, 
but it varies with the latitude. At the 
equator it is 39.0217 inches; at New York, 
39.10237 inches; at Spitzbergen, 39.21614 
inches. The cause of this variation is the 
difference in the force of gravity in different 
places, due to the spheroidal shape of the 


earth. 

The polar diameter of the earth being twenty- 
six miles shorter than the equatorial diameter, 
any point on the surface of the earth near either 


pole is nearer the centre, and the force of terres- 

trial gravity is stronger than at points on or near 

the equator. Consequently, a pendulum which vibrates seconds at 
+} 


Fig. 43. 


the equator, on being carried to a latitude of 40° to 50°, is more 
strongly acted upon by gravity, and vibrates more rapidly. In order, 
therefore, that it may continue to make exactly one vibration in each 
second, the rapidity of vibration must be diminished by increasing 
the length of the pendulum. 
Summary. — 
The Pendulun. 
Vibration or Oscillation. 
Illustration. 
Simple Pendulum. 
Compound Pendulum. 
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Laws of Oscillation of the Pendulum. 
Statement of the Laws. 
Verification of First Law. 

- Second Law. 

Centres of Suspension and Oscillation. 
Application to Clock Work. 

Illustration. 

Compensation Pendulums. 

The Mercurial Pendulum. 
The Gridiron Pendulum. 

Length of the Seconds Pendulum. 
1. At the Equator. 

2. In High Latitudes. 
Cause of the Variation. 
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76. Work. — The term work as used in mechanics means 
the production of motion against resistance. 

It is obvious that this definition will apply not only to the 
labor of men and animals, but to the action of forces of other 
kinds —as those of wind, water, and steam — when em- 
ployed in overcoming resistance. 

In this sense, drawing loads, raising weights, pumping 
water, forging iron, pressing cotton, ete., are all examples 
of work, whatever may be the forces employed in the various 
operations. 


77- Measurement of Work. — The work done in rais- 
ing a weight to a given height is generally taken as a stand- 
ard for the measurement of work. 

In this country and in England the unit of work commonly 
adopted is the foot-pound, 

This is the amount of work required to raise one pound 
one foot against the force of gravity. 

The unit of the Metric System is the work required to 
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raise one kilogram to a height of one meter. It is called a 
kilogram-meter. 

‘To find a numerical expression for the work in a given exainple, 
we iultiply the number of weight units raised by the number of 
linear nnits in the vertical height to which the body is raised. A 
weight of 20 Ibs. raised 4 feet, or a weight of 4 Ibs. raised 20 feet 
represents 80 foot-pounds. <A weight of 25 kilograms raised 5 meters 
represents 125 hilogram-meters. 


78. Horse-Power. — It has been estimated that the 
strength of a horse is on the average, sufficient to raise 
33,000 pounds vertically through one foot in a minute ; hence 
a horse-power is a power which can perform 33,000 units of 
work in a minute. 

The capacity of steam-engines and other powerful machines is 
generally rated by horse-powers ; thus, an engine is said to be of ten 
horse-power if it is capable of doing work equivalent to raising 33,000 
bs. 10 feet in one minute, or 330,900 lbs. one foot in a minute. 

The time required for the work is an essential part of the calcula- 
tion. If an engiue can do 33,000 units of work in half a minute, it 
is of two horse-power ; if it can do the same work in one second, it is 


of sixty horse-power. 


79. Energy is the power of doing work, that is, of over- 
coming resistance. Any moving body can overcome resist- 
ance, and therefore possesses a certain amount of energy. 
The amount of energy in a moving body depends upon its 
weight and velocity. The direction in which it moves makes 
no difference in the energy with which it acts. If its energy 
is expended in lifting itself against the force of gravity, we 
can, if its weight and velocity are known, determine the 
amount of this energy in foot-pounds, or kilogram-meters. 

To do this we have simply to find the vertical height to which 
the given velocity would lift the body, and multiply the weight by 
the height. Let m= the mass of a body, and v the velocity with 
which it is moving, and its energy will be expressed by the formula 
i mv; that is, its energy is equal to one half its mass multiplied 
by the square of its velocity. 
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80. Kinetic and Potential Energies. — To understand 
these two types of energy, let us consider the case of a heavy 
body thrown directly upward into the air. As it begins to 
rise, it has a certain amount of energy depending upon the 
velocity with which it moves. This is its energy of motion. 
As it continues to rise, its velocity, and consequently its 
energy of motion, decreases, until at the highest point which 
it reaches it has no longer any energy of motion. But in 
consequence of its elevated position, it has the power of 
doing work in its fall to the earth again; that is, it has 
energy of position. 

Energy of motion is called Aénetie energy. 

Energy of position is called potential energy. 

In the case just given, the sum of the two types of energy remains 
the same for every position of the body; for, as it rises, kinetic en- 
ergy decreases, and potential energy increases in exactly the same 
proportion, while in its descent potential energy decreases and 
kinetic energy increases till the body comes to rest in its original 
position. 

A body may have energy of position from other causes than being 
raised to a height. 

A bow that is bent, the mainspring of a watch that is wound up, or 
any body in which reserved force is stored up has potential energy. 


Summary. — 
Work. 
Definition of Work. 
Examples. 
Measurement of Work. 
Unit of Work. 
The Foot-Pound. 
The Kilogram- Meter. 
Horse- Power. 
Energy. 
Measurement of Energy. 
Kinetic Energy. 
Potential Energy. 
Illustration. 
Examples of Potential Energy. 


CHAPTER iF. 
APPLICATION OF PHYSICAL PRINCIPLES TO MACHINES. 


SECTION I. GENERAL PRINCIPLES. 


8x1. A Machine is a contrivance by means of which 
a force applied at one point is made to produce an 
effect at some other point. 


The force applied is called the power, and the force to be overcome 
is called the weight, or load. 


82. Motors. — The working of a machine requires a con- 
tinued application of power. The source of this power is 
ealled the Moror. 

Some of the most important motors are muscular effort, as exerted 
by man or beast, in various kinds of work; the weight and impulse 
of water, as in water-mills; the impulse of avr, as in wind-mills; 
the elastic force of springs, as in watches; the expansive force of 
vapors and gases, as in steam and hot-air engines. The last is, 
perhaps, the most useful of the motors mentioned. 


83. Object and Utility of Machines. — The object of a 
machine is to transmit the power furnished by the motor, and 
to modify its action in such a manner as to cause it to pro- 
duce a useful effect. 

In no ease does a machine add anything to the power applied to 
it; on the contrary, it absorbs more or less of this power, according 
to the nature of the work to be done and the connection existing be- 


tween the parts. 
Some of the circumstances which cause an absorption of power 


6+ GENERAL PRINCIPLES. 


are the rubbing of one part upon another, the stiffness of bands and 
belts, the resistance of the air, the adhesion of one part to another, 
and the want of hardness and elasticity in the materials of which the 
machine is constructed. The resistances arising from these causes are 
called hurtful resistances. They not only absorb much of the power 
applied, but they also contribute to wear out the machine. ‘The 
existence of these resistances in every machine requires a continued 
supply of power to overcome thei in addition to that necessary to 
perform the useful work. Hence the absurdity of attempting to ob- 
tain perpetual motion. 


84. General Laws of Machines. — The idea of Work, 
in mechanics, implies that a force is continually exerted, and 
that the point at which it is applied moves through a certain 
space. ‘Thus, in raising a weight, the work performed de- 
vends first upon the weight raised, and secondly upon the 
neight through which it is raised. The quantity of work of a 
force in any given time is measured by the intensity of the force, 
multiplied by the distance through which it is exerted. This 
distance is called the path described. 

The work of the power is always equal to the work of the load. 
Hence, if by the use of a machine, a power of one pound can 
be made to raise a weight of ten pounds, the power must move 
through ten times the distance traversed by the weight; and 
as the spaces are traversed in the same time the power must 
move ten times as fast as the weight. 

The power is not necessarily less than the weight; for a 
machine may be so constructed that a power of ten pounds will 
be required to lift a weight of one pound; but in this case 
the weight will move through, ten times the space, and with 
ten times the velocity of the power. Machines, therefore, 
may be used in two ways, — by making the power move with 
great velocity to move heavy weights very slowly, or by the 
use of great power to move small weights very rapidly. 

In either case the following general laws will apply to 
machines of all kinds. 


1. What is gained in intensity of force is lost in time, velocity, 


On 
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or distance ; and what is gained in time, velocity, or distance ts 
lost in intensity of force. 

2. The power multiplied by the distance through which it 
moves is equal to the weight multiplied by the distance through 
which it moves. 

3. The power multiplied by its velocity equals the weight mul- 
vinlied by its velocity. 


SECTION II. — ELEMENTARY MACHINES. 


85. Mechanical Powers. — The elementary machines 
are seven in number, viz., the cord, the /ever, the inclined 
plane, the pulley, the wheel and azle, the screw, and the 
wedge. ‘These seven are called mechanical powers. The 
first three are simple elements; the remaining ones are 
combinations of these three. 


86. Cords, and Banps or Betts, are used for transmitting 
motion from one point to another, as in the pulley. Chains 
are often employed for the same purpose, as in the watch. 

Cords, belts, and chains should be as flexible as is consistent with 
sufficient strength. 

87, The Lever.— A Lever is an inflexible bar free to 
turn about a fixed point, called the Fulcrum, and acted upon 
by two forces which tend to turn it in opposite directions. 
The force which acts as a motor is called the Puwer; the 
other one is called the Weight, or Load. 

Levers may be either straight or curved. The distances 
from the fulcrum to the lines of direction of the power and 
weight are called lever arms. ‘ 

In the lever MN (Fig. 44), Fisthe 7. ex 
fulerum, MP and NA are the lines of Mg ar 
direction of the power and weight, F’A is / 
the lever arm of the power, and FB is 
the lever arm of the weight. Pp 

Levers are divided into three classes : Fig. 44. 


iN 
R 
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Tu the first class (Fig. 45), the fuleruin is between the power and 
the weight. 

In the second class (Fig. 46), the weight is between the power and 
the fulcrum. 

In the third class (Fig. 47), the power is between the weight aud 
the fuleruin, 


iP 


re 


R 
Fig. 45. Fig. 46 Fig. 47. 


88. Law, of the Lever. — The product of the power mul- 
tiplied by its distance from the fulcrum is equal to the product of 
the load multiplied by its distance from the fulerum. 


Examptes. In a lever of the first kind 8 feet long with the 
weight 2 feet from the fulcrum a power of LU pounds will balauce 
a weight of 30 pounds. 

In a lever of the second kind, 8 feet long, with the weight 2 
feet from the fulerum, a power of 10 pounds will balance a weight 
of 40 pounds. 

In a lever of the third kind & feet long, with the power 2 
feet from the fulermn, a power of 10 pounds will balance a weight 


of 24 pounds. 


89. Examples of Levers. — Levers are of continual use 
in the arts, forming component parts of nearly every machine. 


Fig. 48 


A pair of scissors affords an example of the first class of 
levers. ‘The fulerum is at C (Fig. 48), the hand furnishes the 
power, and the substance to be cut the resistance. 


ea 
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The common balance, yet to be described, is a lever of this class, 
as is also the handle of a pump. 

The ordinary nut-cracker is an example of levers of the 
second class. The fulcrum is at C’ (Fig. 49) ; the power is 
the hand, and the resistance is the nut to be cracked. 


Fig. 49. 


The common crow-bar is used as a lever of the first kind 
when it is pressed downward over the fulcrum to raise a 
weight (Fig. 50). When one end rests on the ground as 
a fulcrum, and the other is lifted upward to raise the weight, 
it becomes a lever of the second kind (Fig. 51). 


——— ——— 


Fig. 50. Fig. 51. 

The oars of a boat are levers of the second class. The end of the 
oar in the water is the fulerum, the hand is the power, and the boat, 
or rather the resistance of the water which it has to overcome, is the 
resistance. The shears employed for cutting metals belong to this 
class of levers. 

The limbs of animals are examples of levers of the third 
class. The figure shows ; 
how the human arm acts 
as a lever. 

The socket of the bone a 
is the fulermn; 4 strong 
muscle be, attached near the 
socket, is the power; and the 
weight of the limb and what- 
eyer resistance w may oppose 
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to notion is the weight. The fore-arm and hand are raised througn 
a space of one foot by the contraction of a musele applied near the 
elbow, moving through less than ,!; that space. The muscle, there- 
fore, exerts 12 times the foree with which the hand moves. 


90. Weight between two Supports. — Ifa weight is 
attached to a beam or pole which rests upon two supports, 
the beam acts as a lever of the second class, and the part 
‘carried by either support may be found by considering it as 
the power and the other support as the fulcrum. If the 
weight rests on the middle of the beam, it is obvious that each 
support will bear half the burden. If, as shown in Fig. 53, 


the load is one-third the length of the beam from A, the sup- 
port A will bear two-thirds of the weight. 


A 


a ee en 


Fig. 53. 


QI. Compound Levers.— When a small force is re- 
quired to sustain a considerable weight, and it is not con- 
venient to use a very long lever, a combination of levers, or 
a compound lever, is employed. When such a system is in 
equilibrium, the power, multiplied by the continued product of 
the alternate arms of the levers, commencing from the power, ¥s 
equal to the weight multiplied by the continued product of the 
alternate arms, commencing from the weight. 


A __ ——____¥_¢_ 


Fig. 54. 


For example, the system represented in Fig. 54, consisting of 
three levers of the first class, will be in equilibrium when 
PRAF XBR ROOF eW X DE XC MBF. 
If the long arms are 6, 4, and 5 feet, and each of the short arms 
| foot, then | pound at A will sustain 120 pounds at D, 
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92. The Balance. — A Batance is a machine for weiga- 
ing bodies. 

Balances are of continual use in commerce and the arts, 
in the laboratory, and in physical researches ; they are con- 
sequently extremely various in their forms and modes of 


im Ti 


Fig. 65. . 
construction. We shall only describe one of the forms which 
is in common use in the shops. 
It consists of a metallic bar, A B (Fig. 55), called the 
Beam, which is simply a lever of the first order. At its 
middle point is a knife-edged axis n, called the Fulcrum. 
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The fulcrum projects from the sides of the beam, and rests 
on two supports at the top of a firm and inflexible standard. 
The knife-edged axis, and the supports on which it rests, are 
both of hardened steel, and nicely polished, in order to make 
the friction as small as possible. At the extremities of the 
beam are suspended two plates or basins, called Seale- Pans, 
in one of which is placed the body to be weighed, and in 
the other the weights of iron or brass to counterpoise it. 
Finally, a needle projecting from the beam, and playing in 
front of a graduated scale a, serves to show when the beam 
is exactly horizontal. 

To weigh a body, we place it in one of the scale-pans, and 
then put weights into the other pan until the beam becomes 
horizontal. The weights put in the second pan indicate the 
weight of the body. 


93- Requisites for a good Balance. — A good balance 


ought to satisfy the following conditions : — 

1. The lever arms, An and Ba, should be exactly equal. 

We have seen, in discussing the lever, that its arms must be equal, 
iu order that there may be an equilibrium between the power and 
resistance when these are equal. If the arms are not equal, the 
weights placed in one seale-pau will not indicate the exact weight 
of the body placed in the other. 

2. The balanee should be sensit/ve ; that is, it should turn 
on a very small difference of weights in the two scale-pans. 

This requires the faleram and its supports to be very hard and 
smooth, so as to produce little frietion. By making the needle long, 
a slight variation from the horizontal will be more readily per- 
ceived, 

3. The centre of gravity of the beam and scale-pans should 
be slightly below the edge of the fulerum. 

If it were in the edge of the fulerum, the beam would uot come 
to a horizontal position when the seales were equally loaded, but 
would remain in any position where it might chanee to be placed. 
If it were above the edge of the fulerum, the beam would remain 
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horizontal if placed so; but if slightly deflected, it would tend to 
overturn by the action of the weight of the beam. 

‘The nearer the centre of gravity comes to the edge of the fulerum, 
the more accurate it will be; but at the same time it would turn 
more slowly, and might finally come to turn too slowly to be of use 
for weighing. 

It is to be observed that when the scale-pans are heavily loaded, 
an increased weight is thrown on the fulerum, which causes an in- 
crease of friction, and consequently a diminution of sensitiveness. 


94. Methods of testing a Balance. — To see whether 
the arms are of equal length, let a body be placed in one scale- 
pan, and counterbalanced by weights putin the other; then 
change places with the body and the weights. If the beam 
remains horizontal after this change, the arms are of equal 
length ; otherwise the balance is false. 

To test the sensitiveness, load the balance and bring the 
beam to a horizontal position, then deflect it slightly by a 
small force and see whether it returns slowly to its former 
position. It ought to come to a state of rest by a succession 
of oscillations. 


95. To weigh correctly with a false Balance. — To 
weigh a body with a false balance, place it in one scale-pan 
and counterbalance it by any heavy matter, as shot or sand, 
placed in the other pan. Then take out the body and replace 
it by weights which will exactly restore the equilibrium of the 
balance. The weights will be exactly equal to the weight of 
the body. ‘The reason for this method is apparent. 


96. The Steel-Yard.— The common steel-yard used in 
weighing is a lever of the first class, which differs from the 
balance in having unequal arms. Fig. 56 represents a form 
in common use. 

The pivot C is the fulerun; the weight W = is suspended from 
the hook A, and the power P is movable on the long arm of the 
lever, which is graduated to indicate pounds and ounces. It is evi- 
dent that a pound weight at D will balance as many pounds at 
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W as the distance AC is contained times in DC. The same 
counterpoise P may be used for a greater weight by turning the 
bar over and suspending it 
from another pivot 7 nearer 
the hook A. In this ease 
a pound weight at D will 
balanee as many pounds at 
W as the distance A F is 
contained times in D #. 

The scales used for weigh- 
ing coal, hay, ete., are gen- 
erally compound levers, and 
their operation depends 
upon principles already ex- 
plained. 


Fig. 56. 
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07, The Wheel and Axle consists of a wheel, or drum, 
A, muited upon an axle, & The 
power is applied at one extremity of a 
cord wrapped around the wheel, and 
the resistance at one extremity of a 
second cord wrapped around the axle 
in a contrary direction. The whole is 
supported on a suitable frame, by means 
of pivots projecting from the ends of 


the axle. 

The wheel and axle acts as a perpetual lever of the first 
kind, the fulcrum being at the common centre, and the radii 
of the wheel and axle being respectively the arms of thé 
lever: _ 

In Fig. 58, # is the fulerum, A F is the power arm, and I’ B the 
weight arm of the lever. Hence, according to the 
law of the lever, P KX AF =W XSF BSB. 

It is evident that during one revolution of the 
wheel and axlé the power moves through a space | \ 
equal to the circumference of the wheel, and the 
weight through a space equal to the circumference 
of the axle. Hence, according to the second general 
law of machines, the power multiplied by the cir- 
eunference of the wheel is equal to the weight mul- 
tiplied by the circumterence of the axle. 


Since the radii of circles are proportional to their circum- 
ferences, the law of the wheel and axle may be stated in two 
ways, Viz. :— 

The power multiplied by the radius of the wheel equals the 
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weight multiplied by the radius of the axle; or the power multi- 
plied by the circumference of the wheel equals the weight multiplied 
by the circumference of the axle. 


98. The Windlass. — The WinpLAss consists of an axle, or 
arbor, AB, and a crank, BCD, 
by means of which it is turned. 
The crank consists of an arm, BC, 
perpendicular to the axle, called 
the crank arm, and a second arm, 
DC, perpendicular to the first, called 
the crank handle. The power is 
applied to the crank handle, and 

Fig. 59. the resistance to a rope wrapped 
around the axle. The windlass is principally used in raising weights. 


99. The Capstan is a form of the windlass in which the 
axis is vertical. Itis used chiefly on Q 


shipboard for raising the anchor or ——==s 
drawing the vessel up to the dock. 
The head of the capstan is pierced 
with holes, in each of which a lever 


; j ie , \ | 
may be placed so that a number of CLE 
men can work at the same time. Fig. 60. 


100. The Differential Windlass. — This differs from 
the common windlass in having 
an axle formed by.two drums, A 
and #, of different diameters. A 
cord is attached to the larger eylin- 
der, and wrapped several times 
around it, after which it passes 
under a movable pulley, Cy and is 
then wrapped in a contrary direc- 
tion around the smaller cylinder. 
‘The power is applied to the crank 
arm, and the resistance to the 
Fig. 61. block of the movable pulley, 


TRAINS OF WHEELS. To 


When the handle is turned so as to wind up the rope on the eylin- 
der B, it is at the same time unwound from the cylinder A, and at each 
revolution the rope is shortened only by the difference in the cireumn- 
ferences of the cylinders. If these are nearly equal, the weight moves 
very slowly and great power is gained. 

Io1. Trains of Wheels. — The power furnished by the 
motor of a complex machine is usually transmitted through 
a succession of pieces to the working point. These connect- 
ing pieces are, in general, wheels and axles, and, taken to- 
gether, they form what is called a train. A wheel which 
imparts motion to a succeeding one is called the driver ; that 
to which motion is imparted is called the follower. 


102. Mode of Connection. — There are various methods 
by means of which one wheel may be made to act upon 


another. 


a 

First. By simple contact. The driver, a 
A, being slightly pressed against the fol- | 6 s ) 
lower, B, the friction between the wheels B ee 


is sufficient to impart a motion of rota- 
tion from the former to the latter. 

To increase the friction and avoid sliding, the surfaces are fre- 
quently covered with soft leather. In all cases the motion of the 
follower is in a contrary sense to that of the driver, as indicated by 


Fig. 62. 


the arrows. 

Secondly. By means of bands‘or belts. The band is passed 
around the circumferences of both wheels, and when tight- 
ened, a sufficient amount of friction is produced to impart 
motion from the driver to the follower. 


Fig. 63 Fig 64. 
When the band does not cross between the wheels, they both re- 
volye in the same direction, as indicated in Fie, 63. When the 
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band crosses between the wheels, they revolve in opposite directions, 
as indicated in Fig. 64. Belts are made of leather, gutta-percha, 
and the like. They are flat and thin, and the drums on which they 
run should be slightly elevated toward the middle of their thickness. 
Cords are made of catgut, hempen fibres, or wire, nearly cylindrical. 
The drums, or pulleys, on which they run, should be elevated at the 
edges. Chains are also used, and in this case the drums should be 
grooved, and either notched or toothed, so as to fit the links of the 
chain. 


Thirdly. By means of projections on the circumferences of 
the wheels called ¢eeth. 


A small wheel, C, mounted on the axle of a large one, B, is ealled 
a pinion, and its projections are called 
leaves. In the figure, the teeth of the 
wheel A engage with the leaves of the 
pinion C, and the teeth of the wheel B 
engage with the leaves of the pinion D, 
If the wheel A is turned in the direction 
indicated by the arrow, the wheel B will 
revolve in a contrary direction, and the 
wheel J in the same direction. A wheel 
whose teeth project from its cireumfer- 
ence, as shown in Fig. €5, is called a 
spur-wheel. 


103. Law of Wheel-work. — Whatever may be the 
mode of connection in a train of wheels, the law of their 
action is the same as that of the compound lever. Hence, 
the continued product of the power and the radii of the wheels is 
equal to the continued product of the weight and the radii of the 
axles. For example, in the train shown in Fig. 65, let the 
radii of the wheels A, 2, and /, be represented by the num- 
bers 12, 12, and 8; and the radiiof each of the three pinions, 
by the number 2; then, the power will be to the weight as 
2x2X2to 12 x 12 X 8, i.e. as 8 to 1152, or as 1 to 144. 
Suppose a power of 20 pounds to be applied to the first wheel : 
20 X 1152 = Weight X 8, hence, Weight = 20 K 1152 + 8 = 
2880, 
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In common clocks and watches we have familiar examples 
of wheel-work in which the velocity is increased at the ex- 
pense of the power. ‘Thus, in a watch, the force of the main- 
spring is applied to a wheel thac revolves once in four hours. 
This force is transmitted through the wheel-work with dimin- 
ished intensity and increased velocity, to give the second-hand 
a revolution once a minute. 


104. The Pulley. — A Puttey is a wheel free to turn 
about on its axis and having a groove around it to receive a 
eord. The axis turns in a frame called a block. 

ad) 
| 
i 


A pulley is said to be fixed or movable, according 
as its block is fixed or movable. 


105. Single Fixed Pulley. — In this pulley 
the block, O, is fixed, and the wheel, A ZB, turns 


within it. The effect of the fixed pulley is sim- 3 : 
ply to change the direction of a force. Fig. 66. 


106. Single Movable Pulley. — In this pulley the block, 
O, is movable, and the wheel turns within it. 


Pulleys are combinations of the cord and lever. 
In the fixed pulley we may regard AB as a lever, 
whose lever arms are O A and OB, and whose fulcrum 
is O. Inthe movable pulley we may regard A Basa 
lever of the second class, whose ful- 
crum is A, and whose lever arms are 


| A Band A O. BE 

| Although no power is gained by lg 

i the use of fixed pulleys, there is often teat 
creat advantage derived from their eae 


use. Thus, a man standing on the 
ground may, by using a fixed pulley, 
raise heavy articles to the loft of a 
warehouse. It is easier to pull the 
rope downward than to lift the weight 
= : upward; but this is not the only 

Fig. 68. advautage gained, for if, instead of 
ising the pulley, he should carry the articles up a flight of stairs, he 


78 ELEMENTARY MACHINES. 


would ineur the additional labor of lifting his own weight through 
the whole space. Two fixed pulleys may also be used to change 
horizontal motion to vertical, as shown in Fig, 68. 

107. Combinations of Pulleys. — Moyable pulleys are 
generally used in combination with fixed pulleys. Fig. 69 
shows a combination of one fixed with one 
movable pulley. It is evident that the 
weight, W,is supported equally by the two 
parts a and 6 of the cord which passes 
around the movable pulley, A. Half the 
weight therefore is supported by the hook, 
Hf, and the other half by the cord 6, which 
passes over the fixed pulley, 4; and since 
no power is gained by tne fixed pulley, the 
power, P, must be equal to half the weight, 
W, in order to maintain equilibrium. If it 
be required to ra/se the weight, 
additional foree must be ap- 

Fig. 68. plied at P, to overcome friction. 

In the combinations of pulleys in most com- 
mon use, several fixed pulleys are contained in 
one block, and an equal number of movable pul- 
leys in another block. Fig. 70 shows such a 
combination of two fixed pulleys in the upper 
block, and two movable ones in the lower block. 


In this case, one continuous cord passes through 
the system, and the tension of the weight is 
equally distributed among the four parts of the 
cord which sustain the lower block. The power 
applied at P is required to balance the weight 
supported by only one of the parts at @; hence 


the system will be in equilibrium when the power 
is equal to one fourth of the weight. 

The following is the law of such combinations : The weight 
equals the power multiplied by the number of parts of the cord 
that supyort the movable block. 
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Pulleys are often used in combination with other mechanical 
powers. Cranes and derricks are combinations of wheel-work with 
pulleys, and are used in raising great weights, as stone in quarries, 
coal from yessels at the wharves, and for similar purposes. 
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108. The Inclined Plane. — The inclined plane is a 
hard plane surface which is inclined to a horizontal plane. 

When a body rests on a horizontal plane, as for example 
on a table, the action of gravity tending to draw it down is 
completely counteracted by the resistance of the plane, and 
it remains at rest. It is not so, however, when a body is 
placed upon an inclined plane. In this case the action of 
gravity may be resolved into two components ; one perpen- 
dicular to the plane, and the other parallel to it. The action 
of the first component is counteracted by the resistance of the 
plane, whilst the second component causes the body to moye 


down the plane. 
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It is evident that the nearer the plane approaches to a 
horizontal surface, the greater will be the portion of the 
weight supported by the surface. Let the plane be elevated 
toward the perpendicular, and it will support less and less of 
the weight, till, when it reaches the perpendicular, no part of 
the weight will be supported. 

Whatever may be the inclination of the plane, the action 
of gravity upon a body placed upon it is resolved into two 
components which have the same ratio to each other that the 
perpendicular height of the plane has to its length. 


Fig. 71. 


Of these two components, that one only which depends 
upon the perpendicular height must be supported by the 
power applied to maintain the body in its position. 

Hence, the power is to the weight as the perpendicular height 
of the plane vs to its length. 

Fig. 71 represents a movable inclined plane which may be ad- 
justed so as to form different angles with the horizontal base. If it 
be arranged so that the plane, # S, is twice as long as the height, S 7, 
one pound at P will balance two pounds on the plane between R 
and 8S. If the height, S 7’, were only one fourth of RS, one pound 
at P would balance four on RS. 

Common roads and railroads are largely made up of inclined 
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planes, and their inclination is estimated by the height which corre- 
sponds to some stated length. Thus, a road is said to rise one foot 
in thirty, or one foot in fifty. In the case of raiiroads the inclination 
is called the grade, and is estimated by the number of feet in vertical 
height corresponding to a mile in length. Thus, we speak of a 
grade of fifty feet, or eighty feet to the mile. 

When a carriage is drawn by horses on a level road, the power is 
expended in overcoming friction. On a road which rises one foot 
in twenty, the horses must lift one twentieth of the load, besides over- 
coming the friction, which varies from one fifteenth to one fiftieth of 
the load. On railroads the grade is seldom made higher than eighty 
feet to the mile, a rise of one foot in sixty-six. 


tog. The Wedge.— The Wence is a solid, bounded by 
a rectangle, 6D, called the back; two rectangles, A &£ and 
DF, called faces, and two 
triangles, A D# and LC F, 
called ends. The line # F, 
in which the faces meet, is 
called the edge. 

The form generally used 
is the double wedge, repre- 
F sented in Fig. 73. The re- 

Fig. 72 sistance in this case acting 
at right angles to the opposite faces of the wedge, the power 
is to the resistance as half the thickness of the wedge is to 


C 


Fig. 73. 


its length. ; 

No accurate estimate can be made of the force exerted by a wedge 
as ordinarily used, for the following reasons : — 

ili The power is by exerted blows, the force of which cannot be 
exactly measured. 

2. The surfaces separated often act as levers, and greatly assist 
the action of the wedge. 

3. The friction is much greater than with the other mechanical 
powers, aud cannot be accurately estimated. 

If it were not for the friction the wedge would recoil after every 
blow, and no practical use could be made of it. 

Wedges are used where an intense force is to be exerted through a 
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very small space, and especially for splitting masses of wood er stone, 
for blocking up buildings, and for raising vessels in docks. 

The edges of knives, scissors, chisels, axes, and all cutting instrn- 
ments are wedges. 


110. The Screw. — The Screw is essentially a combi- 
nation of inclined planes. It consists of a solid cylinder, 
enveloped by a spiral projection called the thread. 
The two faces of the thread are nothing more than 
inclined planes wound around the cylinder of the 
screw. 

The screw works ini a solid, fitted to receive 
it, called the nwt. The nut may be fixed, the 

Fig. 74. screw turning within it, or the screw may be fixed, 
the nut turning upon it. Motion is imparted to the one or 
the other, as the case may be, by means of a lever, at the 
extremity of which the power is applied. By increasing the 
length of the lever, and diminishing the distance between 
the threads, the force exerted at the point of resistance may 
be almost indefinitely increased. 


Fig. 75 shows the use of the 
combined lever and serew in pro- 
ducing great pressure. A is the 
serew, B the nut, and J the block 
on which the substance to be 
pressed is placed. The power is 
applied at the end of the lever, 
N. According to the general 
law of machines, the force ex- 
erted at D will be as many times 
greater than the power applied at 
N as the cireumference through 


Hi . 7 
a My, which N moves is greater than 


TM ri 
il the distance between the threads 
of the serew. 


Suppose the distance between 
the threads to be one inch, and 
that the end of the lever, V, describes a circle of ten feet in cireum- 


75. 


Fig. 7 
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ference in once turning round, then the ratio of the power to the 
weight will be as one inch to ten feet, or as 1 to 120. 

Now if a man exerts a force of one hundred pounds at the end of 
the lever, the serew will advance with a force of 12,000 pounds. If 
the distance between the threads were only half an inch the force 
would be doubled. Hence it is evident, that, with a moderate power, 
the screw may be made to exert an enormous mechanical force. It 
must pot be forgotten, however, that the work done upon the body 
to be compressed can never exceed that done at the point of applica- 
tion of the power; on the contrary, it is always less. In this case 
there is a loss, by friction, of nearly one fourth of the whole effect. 


111i. Law of the Screw.— Not taking into account 
the effects of friction, the law of the screw may be stated as 
follows : — 

The power is to the weight as the distance between two adjoin- 
ing turns of the thread is to the circumference described by the 


pe wer. 


112. The Endless Screw is a screw secured by shoul- 
ders, so that it cannot move in the 
direction of its length, and working 
into a toothed wheel. When the 
screw is turned, it imparts motion to 
the wheel, which, in turn, may be 
made to move a train of wheel-work. 


Machines of this kind are used in regis- 
tering the number of turns of an axle, as, 
for example, the shaft of a steamboat. An 
endless screw is arranged so as to turn as 
inany times as the shaft, and is connected 
with a train of light wheel-work. The 
wheels bear indices, by means of which the number of turns in any 
given time may be read off. This arrangement is extensively used 
in gas and water meters, and also in various branches of manu- 
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facture. 
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SECTION III. — RESISTANCES TO MOTION. 


113. Friction is the resistance which one body experi- 
ences in moving upon another when the two bodies are 
pressed together. This resistance arises from inequalities 
in the surfaces, the projections of the one sinking into the 
depressions of the other. To overcome the resistance thus 
produced, a force must be applied sufficient to break off, or 
bend down, the projecting points, or else to lift the moving 
body over the inequalities. 

Friction is distinguished as sliding and rolling. The former arises 
when one body is drawn upon another; the latter, when one body 
is rolled upon another. Everything else being equal, the former is 
greater than the latter. 


114. Measurement of Friction. — The comparative 
amount of sliding friction for many different surfaces has 
been determined by the ap- 
paratus shown in Fig. 77. 

Blocks of different ma- 
terials and of different size 
and shape, sometimes load- 
ed with weights, were made 
to move over surfaces of 


different. kinds, by means 
of weights placed in the 
pan, P. By these experiments the following facts have been 
ascertained : — 


Fig. 77. 


1. Friction is nearly proportional to pressure. 

2. Friction is not affected by extent of surface, except within 
extreme limits. 

The same force is required to draw a brick across a board, whether 
it rests on its broad face or on its edge. ¥ ) 

3. Friction is greater between soft bodies than hard ones. 

4. Friction is greater between surfaces of the same material: 
than between those of different kinds. 
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The friction of iron upon iron is greater than that of iron upon 
copper or brass. 

For this reason the axles of railway cars being made of steel, the 
boxes in which they revolve are made of brass or some other metal. 

For the same reason, the axles in the wheel-work of the best 
watches are made to revolve in holes bored in the harder precious 
stones. Such watches are said to be ‘‘jewelled.” 

5. Friction is diminished by polishing or lubricating the sur- 
Faces. : 

Polishing removes projecting points that would catch against each 
other and increase friction. The application of lubricants like oils, 
tallow, black-lead, ete., diminishes friction by filling up minute cavi- 
ties and smoothing the surfaces. 

6. Friction ts greatest at the beginning of motion. 

When surfaces remain long in contact, especially under pressure, 
the projections of one sink deeper into the depressions of the other, 
and render it more difficult to separate them. 


x15. Advantages of Friction. — Although friction occa- 
sions a loss of power in the working of machines, it has some 
advantages. 

Common nails and screws would be useless were it not that friction ° 
holds them in place. A wedge could not be driven if friction did not 
hold it and prevent it from rebounding after a blow. A locomotive 
depends upon friction for its power to draw a heavy train of ears. 

Sometimes when great loads are to be moved the friction of the 
driving wheels upon the rails is not sufficient to prevent slipping, 
and therefore boxes are provided from which sand may be sifted 
upon the rails when required, thus increasing the friction and ena- 
bling the engine to draw its load. 


116. Stiffness of Cords. — When a cord is wound upon 
a wheel or axle, a certain amount of force is required to bend 
it. The resistance which the cord thus offers to bending is 
classed as a hurtful resistance. This resistanee should be 
obviated, as far as possible, by selecting bands and cords 
which are as flexible as is consistent with due strength. 
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117. Atmospheric Resistance. — The atmosphere ex- 
erts a powerful resistance to the motion of bodies moving 
through it. It has been found, both by theory and experi- 
ment, that this resistance is proportional to the greatest cross 
section of the body, made by a plane perpendicular to the 
direction of the motion, and also to the square of the body’s 
velocity. To obviate this resistance as far as possible, the 
pieces which have a rapid motion should have as small a 
¢xoss section as is consistent with due strength. 
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CHAPTER IV. 
THE MECHANICS OF LIQUIDS. 


Part I.—HYDROSTATICS. 


SECTION I. — GENERAL PRINCIPLES. 


118. Hydrostatics and Hydrodynamics. — The 
Mechanics of Liquids is divided into two branches : 
Hyprostatics, which treats of the laws of equilibrium 
of liquids, and HypropyNAmics, which treats of the 
laws of motion of liquids. 

119. Properties of Liquids. — The following properties 
are common to all liquids : 

1. The molecules of liquids are extremely movable, yield- 
ing to the slightest force. 


There is very little cohesion between the molecules of liquids, 
whence their readiness to slide among one another. It is to this 
principle that they owe their fluidity. 

2. Liquids are only slightly compressible. 

Liquids are so slightly compressible, that for a long time they were 
regarded as absolutely incompressible. In 1823, OrRSTED demon- 
strated, by an apparatus which he contrived, that liquids are slightly 
aay ener: He showed that for a pressure of one atmosphere, that 

s, of 15 pounds on each square inch of surface, water is compressed 
‘ks qooeraath of its original volume. Slight as is the compressibility 
of water, it is nevertheless ten times as compressible as mercury. 


3. Liquids are porous, elastic, and impenetrable, like other 


bodies. 
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That liquids are porous, has already been shown. That they are 
elastic, is shown by their recovering their volume after the compress- 
ing foree is removed. It is also shown by the fact that they transmit 
sound. Their iimpenetrability is shown by plunging a solid body into 
a vessel filled with liquid. If there is no imbibition, a volume of water 
will flow over the vessel just equal to that of the solid introduced. 


Upon these three properties of liquids depends their prop- 
erty of transmitting pressures in all directions. 


120. Transmission of Pressures. — Principle of 
Pascal. — Let a bottle be filled with water and corked, as 
represented in Fig. 78. If the cork be pressed 
inwards, the pressure will be transmitted to the 
molecules in contact with it; these molecules 
will in their turn press upon the neighboring 
ones, and so on until the pressure is finally 
transmitted to every point of the interior sur- 
face of the bottle. 

It is shown by experiment that the pressure thus 
transinitted is equal to that applied to the cork ; that 
is, the pressure upon each square inch of the interior 
surface of a vessel is equal to that upon a square inch 
of the cork. The pressure is everywhere perpendicu- 
ae lar to the surface, as shown by the arrow-heads. 

Fig. 78. This principle is called the Prineiple of Pascal, 
because it was first demonstrated by BLAIse PASCAL in the seven- 
teenth century. Upon it depends the whole theory of Hydrostaties. 

The same principle 
may be shown by an- 
other experiment. A 
eylinder (Fig. 79) pro- 
vided with a piston is 
fitted into a hollow 
sphere. Perpendicular 
to the sides of the globe 
are small tubular open- 
ings. Fill the cylinder and globe with water, and press the piston 
against the water, and it will come from all the orifiees equally, and 
not merely from that which is opposite the piston. 
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121. Pressure due to the Weight of Liquids. — If 
a cylindrical vessel is filled with a heavy liquid, its weight 
produces a pressure upon the walls of the vessel. If we sup- 
pose the liquid divided into horizontal layers of equal thick- 
ness, it is plain that the second layer from the top supports 
a pressure equal to the weight of the first, the third layer 
supports a pressure equal to the weight of the second and 
first, and so on to the bottom. Hence, the pressure upon any 
layer is proportional to its depth below the upper surface, and 4s 
equal to the weight of the column of fluid above it. 


ony Hire UT UATE, 


In consequence of the Principle of Pascat, this pressure is 
transmitted laterally, and acts against the sides of the vessel 
with an equal intensity. Hence, every part of the surface is 
pressed with a force equal to the weight of a column of liquid 
whose base is the surface pressed, and whose height is equal to the 
distance from that surface to the upper level of the fluid. 


122. The Pressure on the Bottom of a Vessel, 
arising from the weight of a liquid, is entirely independent 
of the shape of the vessel, as well as of the quantity of liquid 
which it contains, It depends only on the size of the sur- 
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face pressed, and its distance below the upper surface of the 
liquid. 

This -principle may be demonstrated by means of an apparatus 
shown in Fig. 80. The apparatus consists of a tube, 0, firmly at- 
tached to the cover of a glass vessel, P. By means of a screw joint, 
different-shaped vessels, 4, B, C, may be attached to the upper end 
of the tube. <A disk, 7, of ground glass is held in contact with the 
lower end of the tube by a string, which is secured at its upper ex- 
tremity to an arm of a balance. 

The vessel A is screwed on, and filled with water until the down- 
ward pressure exactly counterpoises a given weight in the scale-pan, 
M, when the upper surface of the water is marked by a sliding 
bead, n. The other vessels, B and C, are successively screwed on, 
and filled with water up to the level, »; if any more water is poured 
into either, the downward pressure overcomes the weight, J, and 
the water escapes into the vessel, P. 

This principle of pressure on the bottom of vessels is sometimes 
called the Hydrostatic Paradox. It is so ealled, because the same 
pressure may be obtained by using very different quantities of the 
same liquid. 

123. Hydrostatic Bellows.—A good illustration of 
the principle that the pressure exerted by a column of water 

depends upon its height and not its amount is 
- seen ina form of apparatus called the /ydro- 
static bellows. It consists (Fig. 81) of two 
boards connected by leather, in which a tube, 
A, is inserted. 

When water is poured into the tube a pressure is 
exerted upon the upper board C, which will lift a 
weight as many times greater than the weight of 
the water in the tube, as the area of the board is 
greater than the area of a cross-section of the tube. 

By placing another tube upon A, we can increase 
the pressure and lifting power. 


124. Lateral Pressures. — Reaction Wheel. — The 
fact that liquids exert lateral pressures upon the walls of 
vessels is demonstrated by means of the reaction wheel. 
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This wheel is shown in Fig. 82; it consists of a vertical 
cylindrical tube, OC, turning freely in a ring, n, near its upper 
extremity, and resting upon a pivot at its lower extremity. 
Just above the pivot the tube terminates in a cubical box, 
from the faces of which 
project four tubes, having 
their ends curved, as rep- 
resented in the figure. 
Water is supplied from a 
cistern through the fun- 
nel, D. When the water 
is admitted, it flows down 
the tube, C, and escaping 
through the curyed tubes 
at the bottom, the wheel 
is turned in the direction 
indicated by the arrow- 
head. B 


The reason of this will be 
plain from a consideration of 
the small figure, a b, which 
is a plan of two of the tubes. 
The weight of the water 
causes a pressure upon 4, 
which, were @ closed, would 
be exactly counterbalanced by 


i 


— ii 


; mM 
he pressure upon it; bit 2 ea sana 
t : ] i ; : 2 Z ——— 
being open, the pressure upon ; 
Fig. 82. 


A is not counterbalanced, but 
acts from @ towards A, producing rotary motion. The pressures in 
all of the tubes conspire to produce rotation in the same direction. 


125. Pressure Upwards. — That liquids exert a pres- 
sure upwards is demonstrated by means of the apparatus 


shown in Fig. 83. 


It consists of a tube of glass, with a movable disk, a, ground so as 
to fit the bottom of the tube. The disk being held closely agaivst 
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the tube by a string, b, the whole is plunged into a vessel of water 
In this state the disk, though heavier than the water, does not fall 


Fig. 83. 


to the bottom, showing that it is 
held in place by an upward pres- 
sure. If water now be poured into 
the tube in a gentle stream, the 
disk will adhere till the latter is 
filled to the level of the fluid on 
the outside. This shows that the 
upward pressure is equal to the 
weight of a column of water whose 
base is that of the tube, and whose 
altitude is its distance below the 
upper surface of the flnid. 

The upward pressure of fluids is 
called their Buoyant Effort. Tt is 
in consequence of their buoyant effort 
that fluids sustain lighter bodies on 


their surfaces. The same principle causes fluids to buoy up bodies 
of all kinds, diminishing the weight of heavy ones, and causing light 


ones to float. 


126. Pascal’s Experiment.— 
The following experiment was made 
by PascaL, in 1647. He fitted into 
the upper head of & strong cask a tube 
of small diameter and about  thirty- 
four feet in length, as shown in Fig. 
84. The cask being filled with water, 
he succeeded in bursting it by pouring 
a comparatively sinall quantity of water 
into the tube. In this ease the pres- 
sure exerted laterally was the same as 
though. the tube had beeu throughout 
of the same diameter as the cask, or 
even greater. 


127. Hydraulic Press. — The principle of equal pres- 
sures has been applied in the construction of a press, by 
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means of which a single man may exert an enormous power. 
This press is shown in perspective in Fig. 85, and in section 
in Fig. 86, the letters in both figures corresponding to the 
same parts. 

The press consists of two cylinders, A and B, of unequal diam- 
eters. In the cylinder B is a solid piston, C, which rises as the 


Fig. 86. 


water is forced into B, and thus forces up a platform, A. The 
cylinder A forms the barrel of a pump, by means of which water is 
raised from a reservoir, P, and forced into the cylinder B. This 
pump is worked by a lever, O, attached to a solid piston, a. When 
the piston a is raised, a vacuum is formed behind it, which is filled 
by water from the reservoir, P, which enters by opening the 
valve S. When the piston is depressed, the valve S closes, the 
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valve m is opened, and a portion of the water is foreed through 
the pipe, d, into the cylinder B. By continuing to work the 
piston @ up and down, additional quantities of water are forced 
into the large cylinder. 

In consequence of the principles of equal pressures, the force 
applied to the piston @ is transmitted through the tube, d, and is 
finally exerted upwards against the piston C, its effect being multi- 
plied by the number of times that the section of the piston C is 
greater than that of the piston a. For example, if the section of 
Cis 150 times as great as that of a, every pound of pressure on the 
latter will produce 150 pounds of pressure on the former. This effect 


Fig. 86. 


is further inultiplied by means of the lever, O. The pressure exerted 
upon C forces up the platform, AK, with an energy that may be 
utilized in compressing any substance Je geting it and the top 
of the press, MN. This upward pressute may also be used for 
raising heavy weights. 

By varying the relative dimensions of the parts of the machine, 
an immense power may be exerted. In the arts, presses of this kind 
are constructed capable of exerting a foree of more than a hundred 
thousand pounds. 

The hydraulic press is used in compressing seeds to obtain oils, in 
packing hay, cotton, and other goods for shipment, in pressing books 
for the binder, and in a great variety of other operations. 


a 
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The immense tubular bridge over the Menai Straits was raised 
from the level of the water to the top of the piers by means of 
presses of this description. ‘The hydrauli¢ press was also used iu 
launching the Great Eastern, the heaviest movable structure ever 


constructed by man. 
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SECTION Il. — EQUILIBRIUM OF LIQUIDS. 


128. Conditions of Equilibrium. —A solid body is in 
equilibrium when its centre of gravity is supported, because 
the particles of the body are held together by cohesion. In 
liquids the particles do not cohere, and unless restrained they 
would flow away and spread out indefinitely. A liquid can 
be in equilibrium only when restrained by a vessel or some- 
thing equivalent. Furthermore, each particle must be equally 
pressed in all directions, which requires that the free surface 
should be level, that is, everywhere perpendicular to the force 


of gravity. 
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In saying that the free surface must be level, we suppose that the 
liquid is acted upon only by the force of gravity, which is the ordi- 
uary case. If, however, it is acted upon by other forces, the free 
surface must, at every point, be perpendicular to the resultant of all 
the forces acting at that point; for if it were not so, this resultant 
might be resulved into two components, one perpendicular to the 
surface, aud the other parallel to it. The former would be resisted 
by the reaction of the liquid, and the latter, being uncompensated, 
would produce motion, which is contrary to the hypothesis of 
equilibrium. 


Fig. 87. 


129. Level Surface. — The surface of a liquid is Lever 
when it is everywhere perpendicular to the direction of 
gravity. Small level surfaces coincide sensibly with  hori- 
zontal planes. Large level surfaces are curved so as to con- 
form to the general form of the earth’s surface. That the 
surface of the ocean is curved is shown by the phenomena 
presented by a ship viewed from the shore, as exhibited in 
Fig. 87. As the vessel recedes, we first lose sight of her hull, 
then her lower sails disappear, then her higher sails, until at 
last the entire vessel is lost to view. 
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In detining a level surface, we said that it is everywhere perpen- 
dicular to the direction of gravity; more strictly speaking, it is per- 
pendicular to the resultant of gravity and the ceutrifugal force due 
to the earth’s rotation on its axis. Were it not for the centrifugal 
force, the surface of the ocean would be perfectly spherical, but in 
consequence of that force, it is ellipsoidal; that is, the oceans are 
elevated about the equator and depressed about the poles. 

The general level of the ocean is called the true level ; a horizon- 
tal plane at any point is called the apparent level. 

The curvature of the earth is about eight inches per mile, and 
increases as the square of the distance. 


130. Equilibrium of Liquids in Communicating 
Vessels. — When a liquid is contained in vessels which 
communicate with one another, it will be in equilibrium if its 
upper surface in all of the vessels is in the same horizontal 
plane. 

This principle is demonstrated by means of the apparatus repre- 
sented in Fig. 88. This apparatus consists of a system of glass 
vessels of different shapes and capacities, all of which communicate 
by a tube, ac. If any amount of water or other liquid be poured 
into one of the branches and allowed to come to rest, it will be seen 
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that its upper surface in all of the vessels is in the same horizontal 
plane. The reason of this is, obviously, a necessary consequence of 
the principle of equal pressures. 


131. Vessels containing Liquids of different Den- 
sities. — When liquids of different densities are contained in 
communicating vessels, they will be in equilibrium when the 
heights of the columns are inversely as their densities. 


sees (asia fussy (ania (tan (ud 


Fig. 89. 


This principle is demonstrated by means of an apparatus shown in 
Fig. 89. The apparatus consists of two glass tubes, A and B, open 
at top, and communicating at bottom by a smaller tube. If a quan- 
tity of mereury be poured into one of the tubes, it will come to a level 
in both tubes, according to the principle explained in the preceding 
article. If a quantity of water be poured into the tube A, the level 
of the mereury in that tube will be depressed, whilst it will be ele- 
vated in the tube B. The difference of level, dc, can be determined 
by the graduated seales on the tubes. It will be found by measure- 
ment, that the column of water, a b, is 13.6 times as high as the 
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column of mereury, de, which it supports. It will be shown 
hereafter, that mercury is 13.6 times as dense as water; hence the 
principie is proved. Other liquids may be employed with similar 
results. 


132. Equilibrium of Heterogeneous Liquids. —If 
liquids of different densities, but which do not mix, be poured 
into a vessel, they will arrange them- 
selves in the order of their densities, 
the heaviest being at the bottom, and 
the upper surface of each will be 
horizontal. 

This is shown bya vial (Fig. 90) con- 
taining liquids of different densities, as 
mereury, water saturated with potassium 
carbonate, alcohol reddened by aniline, 


and naphtha. We can float on the differ- 
ent surfaces balls of cork, wax, wood, 
and glass. If the vial be shaken, the 
liquids appear to mix; but if allowed 
to stand, they arrange themselves in hor- 
izontal layers, the densest liquid at the 
bottom. 

It is in accordance with this principle 
that ereain rises on milk, and oil on 
water. The principle is often employed to separate liquids of differ- 
ent density by the process of decanting. 


SECTION III. — APPLICATIONS OF THE PRINCIPLE OF 
EQUILIBRIUM. 


133. The Water Level.— A Warer Lever is an in- 
strument employed for determining the difference of level 
between two points. It consists of a horizontal tube of 
metal 2} or 3 feet in length, into the extremities of which 
two glass tubes are inserted perpendicular to it. The whole 
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rests upon a three-legged support, called a tripod, as shown 
in Fig. 91. A quantity of water tinged with carmine or other 
coloring matter is introduced into one of the glass tubes, 
which, flowing through the horizontal tube, rises to the same 
level in the other, by the principle of equilibrium of liquids 
in communicating vessels. A visual ray directed along the 
surfaces of the water in the two glass tubes will be a hori- 
zontal line, or a line of apparent level. 


In using the instrument, the square, seen at the left of the figure, 
can be raised or lowered to agree with the dotted line. 


The difference of level will be the difference between the height 
of the levelling instrument and the distance of the horizontal mark 
on the square from the ground. 


134. The Spirit Level. — The Spirit Lever consists of 
a tube of glass nearly filled with alcohol, and closed at its 
two extremities. The tube is slightly curved, and when 
placed horizontally, the bubble of air which it contains rises 
to the middle of the upper side of the tube. If either end be 
depressed, the bubble runs toward the other end. When 
used it is ordinarily mounted in a wooden case. 


This form of /evel is much used by masons, carpenters, and other 


—— 
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artisans. To ascertain whether a surface is level, the instrument is 
laid upon it, and the position of the bubble noticed. If the bubble 
is in the middle of the tube, the surface is level. 

In the level used by carpenters there are generally two tubes in 
the same case situated at right angles to each other, — one for hori- 
zoutal surfaces, the other for vertical. 

The form of level shown in Fig. 92 is attached to many kinds of 
surveying and astronomical instruments. 


Fig. 92 


135. Springs. — Fountains. — Rivers. — Itis the prin- 
ciple of equal pressures that causes water to rise in springs 
and fountains. The water which feeds them is contained in 
natural or artificial reservoirs higher than the spring or foun- 
tain. These reservoirs communicate with the springs or 
fountains by natural or artificial channels, and the pressure 
of the water in them causes that in the spring or fountain to 
boil up, or sometimes to shoot up in a jet. 


The water of a jet tends to rise to the level of that in the reser- 
voir, and would do so were it not for the resistance of the air, the 
friction of the water against the pipe, and the resistance offered by 
the falling particles, all of which combine to render the jet lower 
than the fountain-head. 

The same principle determines the flow of streams from the higher 
to the lower grounds. The water of lakes, seas, and oceans is 
continually evaporating to form vapors and clouds. These are con- 
densed in the form of rain, and the particles of water, urged by their 
own weight, seek a lower level. The rivulets gather to form brooks, 
and these unite to form rivers, by which the water is once more re- 
turned to the oceans and lakes. All of the water does not flow back 
to the ocean along the surface, but a portion percolates through the 
porous soils and accumulates in cavities to feed our springs and 
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wells. 
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Fig. 93 represents a fountain. The reservoir is on the hill to 
the left, and the water reaches the bottom of the basin by a pipe 
represented by dotted lines. 

It will be observed that the column of water does not rise as high 
as the position occupied by the water in the reservoir on the hill, for 
the reasons just given. 


Fig. 98. 


136. Artesian Wells are deep wells, formed by boring 
through rocks and strata of various kinds of earth to reach 
a supply of water. These wells are named from the province 
of Artois, in France, where they were first used. 

Fig. 94 illustrates the principle of these wells. 7 is the natural 
surface of the earth. .A Band C D are curved strata of clay or rock 
which do not allow of the percolation of water. AX is an inter- 
mediate stratum of sand or gravel, which permits water to penetrate 
it. When a hole, J, is bored down to strike the water-bearing stra- 
tum, A K, the pressure of the water in the stratum forces it up in a 
jet. The well of Grenelle, in Paris, is nearly 1800 feet deep, and 
is fed by water coming from the hills of Champagne, which are 
much higher than Paris. The supply of water from this well is im- 


mMense, 
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Many Artesian wells have been sunk in our own country. 
There are two in St. Louis, one of which reaches the depth of 
3843.5 feet, and one in Columbus, Ohio, having a depth of 27754 
feet. In California these wells are used in providing water for 
irrigation. 

The so-called flowing wells of the oil regions of Pennsylvania are 
examples of Artesian wells. In some cases, however, the cause of 
the violent outburst which often takes place, when the reservoir 
containing petroleum is first penetrated, is the pressure of confined 
air and gases. 


The water of many Artesian wells contains great quantities 
of common salt and other substances in solution. 


Summary. — 

Equilibrium of Liquids. 
Conditions of Equilibrium. 
Level Surface. 
Apparent and True Level. 
Liquids in Connected Vessels. 

I]lustration. 

Liquids of different Densities. 
1. In Communicating Vessels. 
2. In the same Vessel. 
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Applications of Principle of Equilibrium. 
The Water Level. 
The Spirit Level. 
Springs, Fountains, Rivers. 
Artesian Wells. 
Flowing Wells. 


SECTION IV. —-PRESSURE ON SUBMERGED BODIES. 


137. Principle of Archimedes. —If a body is sub- 
merged in a fluid, it will be pressed in all directions, but not 
equally. 

To illustrate, suppose a cube immersed in water, as shown in 
Fig. 95. The lateral faces, @ and b, will be equally pressed and 
in opposite directions. The same will 
be true for the other lateral faces. 
Hence the horizontal pressures will 
exactly neutralize each other. The 
upper and lower faces, ¢ and d, will 
be unequally pressed, and in opposite 
directions. The face ¢ will be pressed 
upwards by a force equal to the weight 
of a column of the liquid whose cross- 
section is that of the cube, and whose 
3 height is the distance of ¢ from the 
Fig. 96. surface of the fluid. The face d will 

be pressed downwards by the weight 
of a column of the liquid, having the same cross-section as the 
cube, and a height equal to the distance of d from the surface of 
the liquid; the resultant of these two pressures is an upward 
force, equivalent to the weight of a volume of the liquid equal to 
that of the cube. This upward pressure is the buoyant effort of 
the fluid. 


The principle just explained is called the Prineiple of 
Archimedes. It may be expressed by saying that a sub- 
merged body loses a portion of its weight equal to that of the 
displaced fluid. 
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138. A Hydrostatic Balance is a balance having a 
hook attached to the lower face of each scale-pan, and so 
constructed that the beam may be raised or lowered at 
pleasure. 

Fig. 96 represents a hydrostatic balance. The cylinder ¢ is solid, 
and fitted to slide up and down in the hollow cylinder d. The 
cylinder ¢ may be confined in any position by means of a clamp 
serew, 2. 


Fig. 96. 


139. Cylinder and Bucket Experiment. — The prin- 
ciple of ARCHIMEDES may be illustrated by what is called the 
Oylinder and Bucket Experiment, as shown in Fig. 96. A 
hollow cylinder or bucket, 6, of brass, is attached to the 
hook of one of the scale-pans, and from it is suspended a 
solid cylinder of brass, just large enough to fill the bucket, 
and the two are balanced by weights placed in the opposite 
scale-pan. A glass vessel having been placed beneath the 
cylinder, water is gradually poured into it, until the cylinder 
is immersed. The opposite scale-pan will descend. showing 
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that the cylinder is buoyed up by some force. If we now fill 
the bucket, 4, with water, the equilibrium will be restored, 
and the beam will come to a level. Because the water poured 
into the bucket is equal to that displaced by the cylinder, we 
infer that the buoyant effort is exactly equal to the weight 
of the displaced fluid. 

The principle of ARCHIMEDES is so called because it was first 
discovered by the illustrious philosopher of that name. He was led 
to the discovery in an attempt to detect a fraud perpetrated upon 
HieRo of Syracuse by a goldsmith who had been employed to make 
a golden crown. The artisan mixed a portion of silver with the 
gold that was given him for making the crown, but, by means of 
the principle above explained, ARCHIMEDES was able to determine 
the exact amount of each material employed. 


140. Floating Bodies. — Principles of Flotation. — 
When a body is plunged into a liquid, it is urged downward 
by its proper weight, and upward by the buoyant effort of 
the liquid, and, according to the relative intensities of these 
two forces, three cases may arise : — 

1. If the density of the immersed body is the same as that of the 
liquid, its weight will be equal to the buoyant effort of the liquid, 
and it will remain in equilibrium wherever it may be placed. ‘This 
is practieally the case with fishes. They maintain themselves in 
any position in which they may happen to be, without effort. 

2. If the density of the body is greater than that of the liquid, | 
its weight will be greater than the buoyant effort, and the body will 


sink to the bottom. This is what happens when a stone or piece 
of iron is thrown into water. 

3. If the density of the body is less than that of the liquid, its 
weight will be less than the buoyant effort, and the body will rise 
to the surface. The body will continue to rise until the weight 
of the displaced liquid equals that of the body, when it will come =~ 
to rest. It is then said to float. Thus, a piece of wood floats upon | 
water, and in like manner a piece of iron floats upon mercury. r 

When a floating body comes to rest on a liquid, the plane of the 
upper surface of the liquid is called the Plane of Flotation. 

It sometimes happens that a body which is more dense than a 
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liquid floats upon it. Thus, a porcelain saucer floats upon water. 
This arises from its form being such that it displaces its own weight 
of water when only partially immersed. For the same reason iron 
ships float freely on the ocean. 


141. Illustration of the Principles of Flotation. — 
The principles of flotation may be illustrated by an instrument 
shown in Fig. 97, which, under 
various forms, is sold in the shops 
as a child’s toy. 

In the form shown, it consists of a 
high and narrow glass vessel, sur- 
mounted by a brass cylinder, A, in 
which is an air-tight piston that may 
be raised or depressed by the hand. 
The vessel is partially filled with water, 
and contains a light body, as a fish, 
hollow, and of porcelain or glass. The 
fish is attached to a sphere of glass, m, 
filled with air, and with a small hole, 
0, at its lower side, through which 
water can flow in or out, as the pres- 


sure is increased or diminished. 

Under ordinary circumstances the 
sphere, m, with its attached fish, floats 
at the surface of the water. If the 
piston is depressed, the air beneath it 


is compressed, and acting upon the 
water forces a portion of it into the 


globe. The apparatus then becomes 
inore dense than the water, and sinks. By relieving the pressure, 
the air in the globe expands and drives the water out, when it 
again floats on the surface. The experiment may be repeated at 
pleasure. 

142. Swimming Bladder of Fishes. —In many fishes 
there is a bladder filled with air, situated directly under the 
backbone. ‘This is called the Swimming Bladder. 


When the fish wishes to descend, it compresses this bladder by 
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a muscular effort, and then, as the quantity of water displaced is less 
than before, the weight of the fish prevails over the buoyant effort, 
and the fish sinks. On relaxing the effort, the bladder expands, the 
buoyant effort of the water prevails over the weight of the fish, and 
it rises. 

143. Swimming. — The human body is lighter than water, 
especially than the salt water of the ocean, and tends naturally to 
float when iminersed. ‘The only reason why men do not swim natu- 
rally is the difficulty of keeping the head out of water, so as to be 
able to breathe. The head is the heaviest part of the body, and 
tends continually to sink into the water. 

Many quadrupeds swim naturally, because the head is small in 
proportion to the body, and is so placed upon the trunk that it is 
easy to keep it above the surface. 

The safest position for a person in the water, who does not know 
how to swim, is upon the back. The tendency to raise the arms out 
of the water should be resisted, as this diminishes the buoyant effort 
of the fluid without diminishing the weight. 

Many kinds of birds, as ducks, geese, swans, and the like, swim 
_ naturally and without effort. They owe this faculty to a thick layer 
of down and feathers which are very light, and impermeable by 
water. They therefore displace a large volume of water in pro- 
portion to their weight, giving rise to a strong buoyant effort. 

Summary. — 

Pressure on Submerged Bodies. 
Principle of Archimedes. 
Illustration. 
Hydrostatic Balance. 
Cylinder and Bucket Experiment. 
Hiero’s Crown. 
Floating Bodies. 
Bodies of the same Density as the Liquid. — Bodies 
of greater Density. — Bodies of less Density. 
Plane of Flotation. 
Illustration of Flotation. 
Swimming Bladder of Fishes. 
Swimaning. 
Why many Animals swiin naturally, 
Aquatic Birds. 
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SECTION V.— SPECIFIC GRAVITY OF BODIES. 


144. The Specific Gravity of a body is its relative 
weight ; that is, it is the number of times the body is 
heavier than an equivalent volume of some other body 
taken as a standard. 

It is a matter of daily observation that some bodies are heavier 
than others under the same volume. Thus, gold is heavier than 
silver, lead than iron, stones than wood, and so on. In order to 
compare the relative weights of different bodies, all are referred to a 
common standard. 

Distilled water is generally adopted as a standard, and because 
water varies in density at different temperatures, it is usual to take 
it at the temperature of 39°.2 Fahrenheit, or 4° Centigrade, water 
being most dense at that temperature. 

In order to find the specific gravity of any body, all that 
we have to do is to find how many times heavier any given 
volume of the body is than an equivalent volume of distilled 
water at 39°.2 F. This is the method of fixing the specific 
gravity of solids and liquids; we shall see hereafter how it is 
possible to fix the specific gravity of gases and vapors. 


145. Specific Gravity of Solids. —The following are 
some of the methods of determining the specific gravities of 
solids : — 

1. By the Hydrostatic Balance. — Place the body in one of 
the scale-pans and balance it by known weights in the other 
pan. These will give the weight of the body in air. Next 
suspend the body in a vessel of distilled water by means of a 
thread or wire attached to one of the scale-pans, as shown in 
Fig. 98, and balance it by weights placed in the other pan. 
On account of the buoyant effort of the water, the weight of 
the body in water will be less than that in air. Subtract the 
weight of the body in water from that in air, and the differ- 
ence will be the weight of the displaced water, that is, the 
weight of a volume of water equal to that of the body. 
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Having found the weight of the body in air, and the weight 
of an equivalent volume of water, divide the former by the 
latter, and the result will be the specific gravity required. 
This method is sometimes briefly stated in the following 
tule: Divide the weight in air by the loss in water. 
EXAMPLE. A piece of marble weighs 24 grammes in air and 
15.5 grammes in water; what is its specifie gravity ? 
24—15.5=8.5. 24-85 = 2.82-+, Ans. 


Fig. 98. 


The specific gravity of a solid that fioats in water may be found 
by the following method. Attach to it some body heavy enough to 
sink it, and weigh both together in air, and then in water ; and, by 
subtraction, find how much the combined solids lose in water. Then 
take the heavy body alone and find how much it loses in water. 
Subtract this from the loss sustained by the two, and it will give the 
weight of the water displaced by the lighter body. Now divide the 
body’s weight in air by this rémainder and it will give the specitic 
gravity. 
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Exampir. To find the specific gravity of a piece of wood weigh 
ing 6 ounces. Attach to it 8 ounces of lead. 


Weight of combined solids in air . . . 14 ounces. 
We find their weight in watertobe . . 45 “ 
Loss of combined solids in water. . 9.95 “ 
Weight of lead alone iene. . i. se KS - 
Its weight in water is foundtobe ... ~¢@o 
Lead loses in water . . .« Rigen oie 


The loss due to the wood alone ee O5— 47 ==6.8. specitic 
eravity of the wood = 6 + 8.8 = .682 nearly. 


Fig. 101. 


2. By Nicholson's Hydrometer. — Nrcnorson’s HyDROMETER 
consists of a hollow cylinder of metal, as shown in Fig. 99, 
weighted at the bottom by a heavy body, d, to make it float 
erect, and terminating above by a thin stem, ¢, which sup- 
ports a scale-pan, @. The instrument is so constructed that 
when a given weight. say 500 grains, is placed in the pan, it 
will sink in distilled water to a notch, ec, on the stem. 

The method of determining the specific gravity by means of this 
instrument is shown in Figs. 100 and 101. Suppose it were required 
to determine the specific gravity of a small bar of iron weighing less 


than 500 grains. 


ad 
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The bar is placed in the pan and weights added till it sinks to the 
notch in the stem, as shown in Fig. 100. These weights, subtracted 
from 500 grains, give the weight of the bar in air. Next place the 
bar in the cup, d, as shown in Fig. 101, and add weights enough to 
make the instrument sink again to the notch in the stem. The last 
weights will denote the buoyant effort of the fluid, or the weight of 
the water displaced by the bar. Divide the weight of the bar in air 
by the weight of the displaced water, and the result will be the 
specific gravity sought. 

3. By a Flask. — This method is used when a body exists 
in a state of powder, or in fine particles like sand. A small 
flask, whose exact weight is known, is first filled with the 
powder and the whole carefully weighed. The entire weight, 
diminished by that of the flask, is the weight of the body. 
The flask is then filled with water and weighed. This weight. 
diminished by that of the flask, is the weight of an equivalent 
volume of water. Divide the weight of the body by that of 
its equivalent volume of water, and the result will be the 
specific gravity required. 

It is evident that by this method we obtain the specific gravity 
of the entire contents of the flask as one mass, including the air that 
it may contain. 


146. Specific Gravity of Liquids. — The following are 
some of the methods of determining the specific gravities of 
liquids : — 

1. By Fahrenheit’s Hydrometer. — Faurennert’s Hyprome- 
TER consists of a glass cylinder ballasted at the bottom by 
a small globe filled with mercury, and provided at top with 


a stem and seale-pan, as shown in Fig. 102. Its weight is | 
carefully determined. | 
To use the hydrometer, it is first plunged into distilled water, and 


weights placed in the seale-pan till it sinks to the notch filed on the 
stem. These weights, increased by that of the instrument, will give 
the weight of the displaced water. The instrument is next plunged 
into the liquid in question, and weights are placed in the pan till the 
instrument again sinks to the notch. These weights, added to that 
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of the instrument, give the weight of the displaced liquid. Now the 
volumes displaced are the same in both cases, each being that of the 
submerged instrument; hence, if we divide the weight of the dis- 
placed liquid by that of the displaced water, the quotient will be the 
specific gravity required. 


Fig. 102. 


2. By the Flask. —A flask is constructed so as to hold a 
given weight of distilled water, say 1000 grains. This flask 
is first weighed when empty, and then when filled with the 
liquid in question. The difference of these results is the 
weight of the liquid, and this, divided by 1000 grains, will be 
the specific gravity required. 

A knowledge of the specific gravities of bodies is of frequent 
application. In mineralogy it aids in determining inineral species. 
The jeweller determines by its aid the precious stones. It enables 
us to find the weight of a body when we know its volume. Thus a 
cubic foot of lead weighs 11.35 times as much as a cubic foot of 
water; but a cubic foot of water weighs 1000 ounces, hence a cubic 
foot of lead weighs 11,350 ounces, or about 709 pounds. 

The specific gravities of some of the most important substances 
are given in the following table : — 
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Table showing the Specific Gravities of Solids and Liquids. 


Platinum (rolled) . . . 22.07 | Mereury .... . . 18.60 
Gold (stamps) . . . -. 19.36 | Sulphuric Acid . . . . 1.84 


Lead. (cast) . «2 ee Ok a ee on Be 
Silver '(cast}. . . . . MAY | Sea Water « . . .. L083 
Frou (bar) . =n» « » #2} Distilled Water. . . . 100 
Zime (east) « . « « » 6.86 | Bordeaux Wine. . . . 0.99 
Diamond. : "2s | « ooo | Ove Oil, . . . « « OO 


White Marble . . . . 2.84 | Spirits of Turpentine . . 0.87 
Glass (flint) . . . . . 383 | Absolute Aleohol . . . 0.79 
Ivory . « “sy 2 « DOP) Oniinary Biber. . . . OFZ 


It will be seen that platinum is the heaviest solid, and that mer- 
eury is the heaviest liquid. 


147. Beaumé’s Areometer consists of a bulb of glass, 
ballasted at bottom by a second bulb containing mercury, 
and terminating at top in a cylinder of uniform diameter, as 
shown in Fig. 103. 

When plunged into liquids, it sinks 
till the weight of the displaced fluid 
equals that of the areometer. In light 
fluids it therefore sinks deeper than in 
heavy ones. 


The plan of graduating BEAUME’s areo- 
meter is as follows. It is ballasted so that 
in distilled water it will sink to the point a, 


on the stem, which is marked 0. A mix- | 
ture of salt and pure water is then formed, 
in the proportion of 15 of the former to 85 | 
of the latter, into which the instrument is 
plunged. The upper surface then cuts the | 


= — __ stem at some point, e, which is marked 15. 


Fig. 108. The intermediate space between @ and c is | 

divided into 15 equal parts, and the division 

is continued downwards on the stem. The divisions and numbers 
are on a slip of paper in the interior of the stem. 

The use of the instrument thus graduated is to ascertain the 

amount of salt in any solution of salt in water. It is plunged into 
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the solution im question, and the number to which it sinks denotes 
the degree of saturation of the solution. 

Instruments constructed on this principle have been devised for 
determining the strength of other solutions, whether of acids or 
salts ; also for determining the strength of saccharine solutions and 
the like. 


148. The Alcoholmeter is similar in its construction 
to the areometer just described. It is graduated so as to 
show the percentage of alcohol in any mixture of alcohol and 
water. 


The instrument is first ballasted so that when 
plunged in pure water it will float with nearly all 
of its stem above the water. The line of flotation 
is marked 0. Mixtures are then formed, containing 
one, two, three, ete., per cent of pure alcohol and 
water, and the instrument is plunged into them in 
succession. The lines of flotation are marked 1, 2, 
3, ete., as in the instrument previously. In this 
ease the numbers run upwards. It is necessary to 


graduate it throughout by trial, as the divisions 
are not uniform. 

To use the instrument, it is plunged into the 
mixture of aleohol and water to be tested, and the 
percentage is read off on the paper scale within 
the tube, or else the scale is scratched upon the stem with a 
diamond. 


Fig. 104. 


Summary. — 
Specific Gravity. 
Standard of Specific Gravity. 
Specific Gravity of Solids. 
Method by Hydrostatic Balance. 
Rule and Example. 
Solid Lighter than Water. 
Rule and Example. 
Method by Nicholson's Hydrometer. 
Method by a Flask, 
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Beaumé’s Areometer. 
The Alcoholmeter. 


THE MECHANICS OF LIQUIDS. 


Part Il.— HYDRODYNAMICS. 


SECTION I. — FLOW OF LIQUIDS. 


149. Flow of Liquids from Orifices. —It has already 
been shown that the pressure exerted by a fluid is propor- 
tional to its depth. If then, in a vessel filled with water, 
openings be made at different depths from the surface, as 
shown in Fig. 105, it is evident that the water will flow out 
with the greatest velocity at the greatest depth from the 
surface. 

But the velocity does not increase in the simple ratio of 
the depth; it is found to be i proportion to the square root 
of the depth. This result is in accordance with the laws of 
falling bodies. 

The water issues from the jet at v with a velocity which 
would carry it to the same height with the surface in 4, were 
it not for friction and the resistance of the air. 

This velocity is the same that would be acquired by a body 
in falling freely through the distance from A to v. 

Since the whole space described by a falling body is proportioned 
to the square of the time, while the velocity increases in the simple 
ratio of the time, it follows that the velocity aequired is proportioned 
to the square root of the whole space through which the body falls. 

Thus, if an aperture be made in a vessel containing water, 16,3 feet. 
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below the surface, the water will escape with a velocity of 324 feet 
per second ; for this is the velocity acquired by a body falling through 
that distance. 

A stream thrown out in any other direction than the vertical will 
have the same velocity, since the pressure to which the velocity is 
due remains the same. 

The range of a horizontal jet will be greatest when it is half-way 
between the surface and the level of the place where it strikes. 
Thus the jet shown at m in the figure has the greatest range. Jets 
issuing from orifices at equal distances above and below the middle 
point, as at g and m, will have the same range. 

qm! i, 


) 


<< 


150. Volume of Liquid Discharged. — In theory, the 
volume discharged will be equal to the velocity multiplied by 
the area of the orifice. For example, if water issues with a 
velocity of ten feet per second, from an orifice having an area 
of two square inches, the volume discharged in one second 
is equal to (10 X 12) X 2 = 240 cubic inches. 

This rule does not give quite accurate results, for in practice 
the amount discharged is considerably diminished by friction, and 
hy the formation of what is called the vena contracta, or contracted 


yein. 
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When water flows through a circular opening in a large vessel 
having thin sides, it rushes from different directions towards the 
opening and forms conflicting currents that diminish the velocity. 
On leaving the orifice the jet contracts, so that at a distance some- 
what less than the diameter of the opening, the area of its cross 
section is only about two-thirds of that at the orifice. 

This narrow portion of the stream is called the vena contracta. 

By attaching suitable ‘tubes to the orifice, the formation of the 
“‘eontracted vein” may be prevented and the flow of water consider- 
ably increased. 


151. The Flow of Liquids through Pipes. — When 
water from a reservoir is conveyed to a distance in pipes, the 
velocity of the flow is greatly diminished by friction, especially 
in the case of small pipes. 

A pipe 200 feet long and one inch in diameter, laid horizontally, 
will discharge only one-fourth as much water as a tube of the same 
size one inch long. <A pipe of the same length, two inches in diam- 
eter, will discharge about five times as much water as one of one 
inch in diameter. The areas of their cross sections being as the 
squares of their diameters, the ratio should be as 4 to 1, but the effect 
of friction in retarding the flow is much greater in proportion in 
small pipes than in large ones. 


152, The Flow of Rivers. —A very slight inclination 
is sufficient to cause a flow of water. Three inches to a mile 
in a smooth, straight channel is sufficient to give a velocity 
of about three miles per hour. 

The force of the current in rivers is greatly diminished by friction 
upon the bottom and upon the banks, and consequently the strongest 
current is near the surface of the deepest part of the stream. 

The parts of a river-bed, where the steepest inclinations oceur, are 
almost always filled with masses of rock, which obstruct the flow 
and greatly diminish the velocity of the stream. 
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SECTION IJ. — WATER AS A MOTIVE POWER. 


153. Water-Wheels. — Wherever water is collected 
in reservoirs or lakes above the level of the sea, it com- 
prises a store of potential energy which, by its down- 
ward flow, becomes kinetic energy—a working power. 
This power is applied to useful purposes by means of 
water-wheels. Water-wheels are turned (1) by the force 
of a current, (2) by the weight of the water, or (8) by 
both combined. 


154. The Undershot Wheel is moved by the force of 
the current striking against 
float-boards, which are ar- 
ranged so as to be more or 
less submerged. 

This is the least effective 
form of the water-wheel, util- 
izing not more than twenty-five 
per cent of the total energy of 
the stream. 

It is generally placed in a 
‘“race-way,” a narrow, sloping 


passage which conducts the 


Fig. 106. 


water from a reservoir or dam. 
This form of wheel is represented in Fig. 106. 


155: The Overshot Wheel. — This form of water- 
wheel is called ‘* overshot” because the water is received at 
the top and passes over the wheel, as shown in Fig. 107. 
It is moved principally by the weight of the water, which 
flows into cells, called ‘* buckets,” formed on the circum- 
ference of the wheel, and shaped so as to retain as much 
of the water as possible till they reach the lower part of the 
wheel, where they are emptied. 
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This is a very effective 
form of the wheel, utiliz- 
ing nearly three-fourths of 
the total moving power of 
the water. It is especially 
adapted for use with a 
small stream which has 
a great fall. Wheels of 
this kind are often made 
of fifty feet or more in 
diameter. 


Fig. 107. 

156. The Breast Wheel. — In the breast wheel the 
water is received nearly at the level of the axis. In some 
wheels of this kind the water flows into buckets similar to 
those of the overshot wheel; but generally it acts upon float- 
boards placed perpendicular to the circumference, and the 
race-way, or passage for the water, 
is made to fit closely to the circum- 
ference of the wheel. The water 
being thus enclosed acts partly by 
its weight and partly by its mo- 
mentum, 

Fig. 108. represents this form of 
water-wheel. In its best form the 


breast wheel will utilize about sixty- 
five per cent of the moving power of 
the water. It was formerly in general use, but is now mostly super- 
seded by the ‘ turbine.” 

157- The Turbine Wheel is the most effective of all 
the forms of water-wheels. Many different varieties are in 
use, One of these is shown in perspective and in horizontal 
section in Figs. 109 and 110, 

The wheel in this form is wholly submerged in water under the 
pressure of a considerable head. The water enters at the cireum- 
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ferences of the wheel 6, through an enclosing case, D, which is 
stationary. It is directed by the openings in PD so as to strike the 
curved floats or buckets of B in the direction of the greatest efficiency. 
It then escapes from the central part of the wheel by a tube, which 
is extended vertically downward. 

A central shaft, A (Fig. 109), communicates motion to the 
machinery above. 

The wheel is protected from the vertical pressure of the water by 
the top, 7, which is attached to the enclosing case, D. 


eer? 


Fig. 110. 


In another form of the turbine the water enters through a fixed 


tube at the centre, and, directed by fixed curved partitions, imparts 
motion to the outer casing, which revolves, and is connected with 
the shaft. 

The best forms of the turbine, when used under a full head of 
water, have been found to utilize from eighty to eighty-five per cent 
of the force of the water. 


SECTION III. — MACHINES FOR RAISING WATER. 


Most of the machines in common use for raising 
water depend upon the action of the atmosphere, and 
will be described under the head of Pneumatics. 

158. Archimedes’ Screw. — The screw of ARCHIMEDES, 
invented by the philosopher of that name, is one of the most 
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ancient contrivances for raising water. It was in use before 
the Christian era, and it is still used in Holland for draining 
low grounds. 


As shown in Fig. 11], it con- 
sists of a tube wound in a spiral 
form around a solid cylinder, 
which is made to revolve by 
turning the handle, H. If 
placed at a proper inclination, 
the water, as the handle is turned, 
will continue to flow into those 
parts of the tube that are brought 
successively below the shaft, till 
finally it will be disharged at the 
Fig. 111. top. 


159. The Chain Pump consists of a tube, the lower 
part of which enters the well or reservoir, and the upper part 
extends to the point where the water is to be discharged. 
An endless chain passes over a wheel at the top, and also 
around another wheel placed in the water at the bottom. 
This chain carries at equal distances flat disks which fit 
closely into the tube. As the wheel revolves the disks carry 
the water before them into the tube, and finally discharge it 
at the top. 


160. The Hydraulic Ram.— When water under a con- 
siderable head is flowing through a long pipe, if at any point 
the flow is suddenly stopped, the momentum of the water 
causes great and sudden pressure, often sufficient to burst 
the pipe. The hydraulic ram makes use of this pressure in 
raising a portion of the water to a greater height. 

The principle of its construction is shown in Fig. 112. 

The pipe, A, leading from the reservoir, terminates in the small 
cylinder, B, which opens upward and is fitted with a valve, D, 
which is heavy enough to fall when the water in the pipe is still, or 
inoving very slowly. When the current through A acquires sufficient 
velocity, it raises the valve and suddenly shuts off the water at D. 
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The sudden pressure thus produced opens the valve # leading to an 
air-chamber, G, into which a part of the water is then discharged. 
The air in the chamber, G, is condensed by the sudden influx, but, 
immediately reacting by its elasticity, it forces a portion of the water 
up into the small tube, H. 

As soon as the water in the pipe B ceases flowing, the valve D 
opens by its own weight; the valve in the air-chamber closes, and 
the water again flowing through A, soon acquires velocity enough 
to shut the valve. The whole operation is thus continually repeated ; 
successive portions of water are forced into the air-chamber, and 
thence, by the elasticity of the confined air, discharged in a continu- 
ous streain through the pipe H. 


The hydraulic ram furnishes a very efficient and economical 
method of raising a small quantity of water to a great height, wher- 
ever a sufficient fall of water can be obtained. 


Summary. — 
Flow of Liquids from Orifices. 
Velocity and Range. 
Volume Discharged. 
Flow of Liquids through Pipes. 
Effects of Friction. 
Flow of Rivers. 
Potential Energy of Reservoirs of Water. 


HYDRODYNAMICS. 


Water Power — How Applied. 
The Undershot Wheel. 
The Overshot Wheel. 
The Breast Wheel. 
The Turbine Wheel. 

Methods of Raising Water. 
Archimedes’ Screw. 
The Chain Puinp. 
The Hydraulic Ram. 


CHAPTER V. 
PNEUMATICS. 


SECTION I. —-THE ATMOSPHERE. 


161. General Properties of Gases and Vapors. — 
GASES and VAPors are highly compressible and elastic 
fluids. 

Their particles, like those of liquids, move freely, and 
transmit pressure in all directions; but they differ from 
liquids in the predominance of the repellent force ex- 
erted between their molecules, in consequence of which 
a mass of gas always tends to expand. 

The force that elastic fluids exert in this way is 
called their tension. 


The distinction between a gas and a vapor is not very 
clear. When a body in the gaseous form can be reduced to 
a liquid by cooling, or by a moderate pressure, it is usually 
called a vapor. 

It is now known that all the gases may be reduced to the 
liquid form by great pressure and intense cold combined. 


162. The Atmosphere. — Common air possesses all the 
mechanical properties that belong to gases and vapors. It is 
therefore taken as the type of aeriform bodies. 

The atmosphere that surrounds the earth is transparent, 
without odor, and colorless except in great masses. In 
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masses it assumes a blue tint, and is the cause of the blue 
color of the sky. 

It is composed of oxygen, nitrogen, carbonic acid, watery 
vupor, and some accidental impurities. 


The principal ingredieuts are oxygen and nitrogen, and these are 
mixed in the proportion of twenty-one parts by volume of oxygen 
to seventy-uine parts of nitrogen. 

Carbonic acid forms but a small portion of the atmosphere, but 
it is an constant and very important element. It is continually 

supplied to the air by the res- 
piration of animals, by the 
combustion of coal and other 
fuel, and by the decay of ani- 
mal and vegetable substances. 
The burning of a single ton 
of coal sends into the atmos- 
phere more than three tons of 
this gas. 

On the other hand, all 
growing plants absorb it and 
retain the carbon, but restore 
to the air the oxygen which 
it contains. It is found that 
the supply and loss are very 
nearly balanced, so that the 

“ proportion of carbonic acid in 
the atmosphere remains nearly 
constant. 

Tt amounts, in volume, to 
about one part in twenty-five 
hundred of the whole atmos- 

Fig. 118, phere. 


163. Expansive Force of Air.— Air and the gases 
always tend to assume a greater volume. 


To show this property, take a bladder or rubber bag, fitted with 
a stop-cock, as shown in Fig. 113. Press ont nearly all the air, then 
close the stop-cock and place the bag under the receiver of an air- 
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pump. Then pump the air out of the receiver, and the elastic force 
of the air in the bag will cause it to expand. 
In the same way it may be shown that any gas is expansible. 


164. Weight of Air. — Air, like other bodies, has 
weight. 

To show this, take a hollow globe of glass, 
fitted with a stop-cock, as shown in Fig. 114. 
Having attached it to one scale-pan of a delicate 
balance, counterpoise it by weights placed in the 
other. ‘Then by means of the air-pump exhaust 
the air from the globe; the opposite scale-pan 
will descend, and some weights will have to be 
added to the first scale-pan to restore the equilib- 
rium. ‘The weights added will indicate the weight 
of the exhausted air. 


165. Atmospheric Pressure. — Since 
the atmosphere has weight it exerts a pres- 
sure on all bodies upon which it rests. This pressure de- 
creases as we ascend into the atmosphere. 


Fig. 114. 


If we suppose the atmosphere to be divided into layers parallel 
to the surface of the earth, it is evident that each layer is pressed 
down by the weight of all above it. Hence, the higher layers are 
less compressed than those below them. Being less compressed, 
they expand, or become rarefied. The existence of atmospheric 
pressure may be shown by a variety of experiments, some of which 
will be explained below. 


166. Bursting a Membrane. — A glass cylinder open at 
both ends, has its upper end covered by a piece of oiled silk or 
a stretched membrane, such as is used by gold-beaters, and its 
lower end is ground so as to fit the plate of an air-pump, as shown 
in Fig. 115. 

In its natural condition, the membrane is pressed down by the 
weight of the atmosphere above it, and this pressure is resisted by 
the tension of the air within the cylinder. If now the air be ex- 
hausted from the cylinder, the membrane will no longer be pressed 
from within, and will finally burst with a loud report. 
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The bursting of the membrane shows the pressure of the air. 
The report arises from the sudden rush of air to fill up the ex- 
hausted cylinder. 

If a piece of thin sheet rubber be used in place of the membrane, 
it will be gradually forced inward as the air is exhausted, and will 
be stretched in proportion to the degree of exhaustion. 
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Fig. 115. 


167. The Magdeburg Hemispheres. — This apparatus, 
named from the city where it was invented, consists of two hollow 
hemispheres of brass, which are ground so as to fit each other with 
an air-tight joint. The hemispheres are shown in Fig. 116. One of 
them is so prepared that it can be attached to an air-pump, and is 
provided with a stop-cock, by means of which a communication 
with the external air can be opened or closed at pleasure. 

The two hemispheres being placed one upon the other, the pres- 
sure of the external air is exactly counterbalanced by the tension of 
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that within, and no obstacle prevents them from being drawn apart. 
If, however, the air be exhausted from within, the external pressure 
is no longer counteracted by an expansive force 
from within, and it requires a considerable effort 
to effect their separation. We shall see hereafter 
that the hemispheres are pressed together by a 
force equal to fifteen pounds, multiplied by the 
number of square inches in their common cross 


section. 

The experiment was devised by OTTO VON 
GUERICKE, of Magdeburg. He constructed two 
hemispheres more than two feet in diameter, and 
after having exhausted the air, it is reported that 
it required several horses to draw them asunder. 


168. Upward Pressure of the Air. — 
Gases, like liquids, transmit pressure in all Vig. 116. 
directions ; hence the pressure of the air 
is exerted not only downwards, but up- 
wards, and in all other directions. This 
is shown by the experiment with the 
hemispheres, which are held together 
with the same 
force in what- 
ever position 
they may be 
placed. 

The following experiments illus- 
trate the upward pressure of the 
air: — : 

Fill a tumbler (Fig. 117) with water, 
and cover it with a piece of paper; then, 
holding the paper in contact with the 
water, invert the tumbler. On removing 
the hand, if the experiment be carefully 
made, the water will remain in the tum- 


bler, being held there by the upward 
pressure of the air. The covering of paper serves to prevent the 


Fig. 117. 


Fig. 118. 
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air from entering so as to allow the water to escape at the same 


time. 


Fig. 118 represents a glass cylinder, A,with a tightly fitting piston, 
B, to which a heavy weight is attached. Let the air be exhausted 
from the cylinder by an air-pump connected with C by a rubber tube, 
and the weight will be lifted by the upward pressure of the air. 


169. Torricellian Tube.— Measure of the Atmos- 
pheric Pressure. — The preceding experiments show that 


Fig. 119 


the atmosphere exerts a force of 
pressure; the intensity of that 
force may be measured by other 
means. 

TorrICELLI, a pupil of GaALt- 
LEO, showed, in 1643, that this 
pressure amounts to about fifteen 
pounds on each square inch of 
surface, at the level of the sea. 


In order to repeat TORRICELLI’S 
experiment, take a glass tube about 
three feet in length, closed at one 
end and open at the other. ‘Turning 
the closed end downwards, let it be 
filled with mereury. Then holding 
the finger over the open end, let it 
be inyerted in a vessel of mercury, 
as shown in Fig. 119. On removing 
the finger, the mercury sinks in the 
tube until the column, A B, is about 
30 inches high, when it comes to a 
state of equilibrium. 

In this condition, the mercury is 
sustained by the pressure of the air 
upon the surface of the free mereury 
in the vessel, transmitted according 
to the law explained in Art. 119. 


At the level of the sea, the height of the column, A B, is, on an 
average, not far from 30 inches, or 24 feet. 
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If we suppose the cross-section of the tube to be one square inch, 
the atmospheric pressure upon that surface must be sufficient to 
balance the weight of 30 cubic inches of mereury. Now the weight 
of 30 cubic inches of mercury is a little less than 15 pounds; hence, 
we say the measure of the atmospheric pressure is 15 pounds on each 
square inch. 

A pressure of fifteen pounds on each square inch is often 
called an atmosphere, and this becomes a unit for expressing 
the pressures of gases and vapors. ‘Thus, when we say, in 
any given case, that the pressure of steam in a boiler is four 
atmospheres, we mean that it exerts a pressure of sixty 
pounds on each square inch of surface. 


170. Pascal’s Experiments. — As soon as TORRICELLI’S 
experiment was known in France, Buatse Pascar undertook 
to ascertain by experiment whether the mercury was actually 
retained in the tube by the pressure of the atmosphere, or by 
some other cause. 

He caused a friend to repeat TorrIcELLI’s experiment upon 
the top of the mountain of Puy-de-Dome, correctly reasoning 
that, if the height of the mercurial column is due to atmos- 
pheric pressure alone, it ought not to be so great on the 
mountain top as at the level of tne sea. The result of the 
experiment showed that the height of the column was less 
on the top of the mountain than at its base. 

He next reasoned, that if the tube were filled with any 
liquid less dense than mercury, the height of the column 
ought to be proportionally greater. Consequently, he made 
at Rouen, in 1646, the following experiment. He took a 
tube, similar to that of TorriceLii, but nearly fifty feet in 
length, and after filling it with wine, inverted it in a vessel 
of the same liquid. 

Pascat observed that the column fell until it was about 
thirty-five feet high, when it came to rest. In this case the 
column was fourteen times as high as when mercury was 
used, and as mercury is fourteen times as dense as wine, he 
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concluded that the sole cause of the phenomenon in question 
was the pressure of the atmosphere. 


171. The Barometer. — A Baromerer is an instrument 
for measuring the pressure of the air. If to Torricetui’s 
tube were fitted a scale for measuring the 
exact altitude of the mercurial column, it 
would be a barometer. 

Several forms have been given to the 
barometer, some of which will be described 
in the following articles. 
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172. The Cistern Barometer. — Fig. 
120 represents a CisteRN Baromerer, such 
as is in common use in France and in this 
country. 


— 


It consists of a glass tube, a7, about 34 inches 
long, closed at the top and open at the bottom. 
This tube has a diameter of about four tenths of 


\ 


an inch. It is filled with mereury and inverted 
in a cistern, A, which is partially filled with the 


‘(sate 
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saine liquid, as explained in Art. 165. The mer- 
cury settles in the tube till the height of the eolamn 
is about 30 inches at the level of the sea. 

The cistern, A, is 8 or 4 inches in diameter, 
and it is so adapted to the tube a7, as to permit 
the air to penetrate to the cistern at the joint 7. 
Only a part of the cistern is seen in the figure, 
the remainder being let into the frame which 
supports the whole instrument. At the top of 
the frame is a seale, ¢, having its 0 point at the 
level of the mereury in the cistern; or, on the 
opposite side, is a scale on which are marked 


: certain weather indications. 
Oar" A curved piece of metal embraces the tube 
satan and carries an index, which, as the piece is raised 
or depressed to correspoud to the top of the coluinn, points out upon 
the seale, ec, the height of the column. Two thermometers, one of 


mercenary and one of aleohol, are also attached to the frame, which 
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serve to show the temperature of the instrument and of the mercury 


which it contains. 


The O point, or beginning of the scale, is at the surface of the 
mercury in the cistern. When the pressure of the air increases, a 


portion of the mercury in the cistern is forced up 
into the tube, and the 0 point descends; when 
the pressure diminishes, the reverse takes place. 
But inasmuch as the surface of the mercury in 
the cistern is very great in comparison with that 
in the tube, this rise and fall is, for most purposes, 
quite unimportant. When great accuracy is re- 
quired, the bottom of the cistern is made of leather, 
and can, by means of a screw, be raised or de- 
pressed until the surface of the mercury in the 
cistern just grazes the point of an ivory pin pro- 
jecting from the top of the cistern. This im- 
provement, devised by ForTIN, is now in general 
use. 

To determine the height of the barometer, the 
Q point is first adjusted, then the curved piece is 
slid up or down till it coincides with the surface 
of the mercury in the tube, and the height is then 
read off on the seale ec. The height of the ther- 
mometer should also be noted. 

In the instrument described, the scale ¢ does 
not extend throughout the whole length of the 
instrument, because, in ordinary cases, ouly a 
small part of the scale is needed. When a barom- 
eter is to be used in high altitudes, the scale is con- 
tinued downwards as far as necessary. 


173. The Siphon Barometer. — Fig. 
121 represents a Srenon Barometer. — It 
consists of a curved tube, a, having two 
unequal branches, the shorter one acting as 


ATTA 


Fig. 121. 


a cistern. In the longer branch, there is a vacuum above 


the mercury, but the shorter one is supplied with air, which 


communicates with the external atmosphere through a small 


opening, 7. . There are two scales, one at the upper part of 
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each branch, and in front of each is a movable index, which 
may be raised or depressed until it comes to the free surface 
of the mercury in each branch. By means of these scales 
the difference of level in the two branches may be measured. 
This difference is the height of the barometric column. 
To prevent violent oscillations when the 
instrument is moved from place to place, the 
two branches communicate through 
a fine, almost capillary tube. This 
arrangement also prevents the pos- 
sibility of a bubble of air penetrating 
from the shorter to the longer branch, 
when the instrument is inclined, 


174. The Wheel Barom- 
eter.— This is a form of the 
Srenon Barometer in which the 
rise and fall of the mercury are 
shown by the movements of an 
index around a graduated circle. 
The manner in which it acts is 
shown in Fig. 122. 


The index is attached to an axis 


' which bears a pulley. Passing over 
a . . . . 
this pulley is a fine wire, at one end 
of which is attached an iron weight, 
a, which rises when the height of 
' the mercury diminishes, and falls 
Fig. 122. ) : 


when this height increases. At the 
second extremity is a counterpoise, b, which 
keeps the wire tense, and causes the wheel to 


turn as the weights rise and fall. 
Fig. 123 shows its external appearance with a thermometer 
attached. 
It will be seen that a slight change in the level of the mereury 
in the tube will produce a considerable movement of the index. 
Notwithstanding this advantage, this form of barometer is of little 
value when accurate observation is required, The iron weight, a, 
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is somewhat heavier than the counterpoise, b, and thus there is a 
slight foree in addition to the pressure of the air, which acts to sus- 
tain the column of mercury. Again, when the mercury in the shorter 
branch tends to rise, it must overcome the excess of weight in a, and 
consequently very minute changes of pressure are not recorded by 
this instrument. 

175. The Aneroid Barometer. — The action of this 
curious instrument depends upon the effect produced by 
atmospheric pressure upon a metallic box from which the air 
has been partially exhausted. Its 
appearance and construction are 
shown in Fig. 124. 

An increased atmospheric pres- 
sure tends to force the cover in- 
ward; but when the atmospheric 
pressure diminishes it is pressed 
outward by its own elastic force, 
aided by a spring in the interior. 
The movements of the cover, trans- 
mitted by a combination of delicate 
levers, cause an index to move over 
a graduated scale. Fig. 124. 
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Being very easily portable, this form of barometer has lately come 
into extensive use, especially for measuring the heights of mountains. 

Instruments of this kind are now made that may be carried in the 
pocket like a watch, and they are so sensitive to slight changes of 
pressure that they will indicate a change of level of not more than 
three or four feet. 

176, Causes of Barometric Fluctuations. — Since the 
mercury in the barometer is sustained by the weight of the 
column of air above it, changes in the weight of this column 
of air will produce changes in the height of the mercurial 
column. Such changes are constantly going on, and conse- 
quently the barometer is continually fluctuating. * 

* The atmosphere surrounds the earth like an immense ocean, nearly 
fifty miles in depth. It is never at rest, but has its great currents and 
tides; and, like the ocean of water beneath, it is agitated by storms, and 
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Certain very slight changes vecur regularly ; thus, there is a daily 
variation by which the mercury stands highest at ten o’clock morn- 
mg and evening, and lowest at four o'clock afternoon and morning. 
These changes are greatest at the equator, where the variation is 
about one tenth of an inch. In latitude 40° it is 0.05 inch, and in 
lat. 70° only 0.003 inch. 

There is also an annual inequality dependent on the seasons. In 
this country it is scarcely perceptible, but in China, and throughout 
a large part of Asia, the average height of the mercury is three 
fourths of an inch greater in January than in July. 

The greater changes in the weight of the atmosphere are 
not periodical, but depend upon changes of temperature. 
When the temperature at any place is elevated, the air ex- 
pands and rises until its lateral tension is greater than that 
of the surrounding air, when it flows away to the neighboring 
regions. When, on the contrary, the temperature is dimin- 
ished, the air contracts and an additional quantity flows in 
from the neighboring regions. 

The barometer, then, falls where there is a dilatation, and 
rises where there is a contraction of the air. 

177. The Barometer as a Weather-Indicator.— The 
barometer is often called a weather-glass, and the seale of 
the instrument is sometimes inscribed with words intended to 
indicate the weather that may be expected when the top of 
the column stands opposite them. This, however, conveys 
an incorrect notion, for a change in weather is not indicated 
by the absolute height of the mercury at any given time. 

Moreover, there are other conditions besides the weight of 
the atmosphere, which are quite as important as this, for the 
prediction of the weather. The temperature, the amount 
of moisture in the atmosphere, and the force and direction 
of the wind, are all to be considered as elements of the 
problem. 

It is true, however, that changes in the heat, the moisture, 
moves in immense waves. When the crest of one of these waves is over 


the barometer the mercury rises, and it falls again as the depression 
follows the crest of the waves. 
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or the movements of the air, are almost always accompanied, 
or immediately followed, by changes in the height of the 
barometer. Hence the changes in the height of the mercurial 
column may, to a certain extent, be relied on for predicting 
the weather. The following rules are generally reliable : — 

1. The rising of the mercury indicates the approach of fair weather ; 
the falling of the mercury shows the approach of foul weather. 

2. A great and sudden fall of the inereury precedes a violent storm 
of short duration. 

3. If, during fair weather, the mercury falls continually for several 
days, a long succession of foul weather will probably follow; and, 
again, if during foul weather which continues for a long time, the 
mercury gradually rises, fair weather may be expected to follow and 
continue for several days. 

4. A fluctuating and unsettled state in the mercurial column indi- 
cates unsettled weather. 


178. Measure of Mountain Heights. — One of the 
most important applications of the barometer is to the meas- 
urement of the height of any place above the level of the sea. 


As we ascend above the level of the sea, the pressure of the air 
diminishes, and the barometer falls. Formulas have been deduced, 
by means of which the difference of level between any two places 
can be found, when we have the heights of the mercurial columns at 
the two places, together with the temperatures of the air and mercury 
at these places.* 


* The exact rule for finding the height of a mountain by this method 
is rather complicated. Allowance must be made for temperature and 
for the latitude of each station; and other minor corrections are to be 
made. The following rule is given by Todhunter as nearly accurate for 
heights of not more than 3000 feet : — 

Observe the height of the barometer at the bottom and at the top of the moun- 
tain; divide the difference of the heights by their sum, and multiply the result by 
52,428 ; this will give the height of the mountain in feet. 

The above rule assumes that the temperature at each station is 32° 
Fahrenheit. The result is made more accurate by adding a thousandth 
part for every degree in the sum of the temperatures above 64°. Thus, 
if the temperature at the lower station is 60°, and at the higher 45°, the 
sum is 105°, which exceeds 64° by 41°. Therefore the result obtained 
by the rule should be increased by the ‘45 part of itself. 
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The following table shows the height of the barometer at 
different altitudes where observations have been made : — 


Level of the Ocean 
Summit of Vesuvius . 


Summit of Mt. Washington, N. H. 
City of Quito, South America. 


Summit of Mont Blane 
On the Chimborazo 


Highest Ascent in a Balloon, (Gilaisher) 


Height Mean 
above Height of 
) Sea-level. |Barometer. 
Feet. Inches. 
0 30.00 
3,937 25.98 
6,288 
9,541 21.02 
15,748 16.69 
20,014 | 14.17 
37,000 7.00 


179. Pressure on the Human Body.— The pressure 


on each square inch of the 
body is fifteen pounds ; hence, 
on the whole body the pres- 
sure is enormous. If we take 
the surface of the human body 
equal to 2000 square inches, 
which is not far from the 
average in the case of an 
adult, the pressure amounts 
to 30,000 pounds, or fifteen 
tons. 

If it be asked why the body 
is not crushed by this enor- 
mous pressure, the answer is, 
because it is uniformly dis- 
tributed over the whole sur- 
face, and is resisted by the 
elastic force of air, and other 


gases, distributed through the 


tissues of the body, 
The following experiment will 
show that the tissues of the bunan 
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body contain air and gases, whose elasticity resists the atmospheric 
pressure. Let the hand be pressed closely upon the mouth of a 
glass cylinder, whose interior communicates with the air-pump, as 
shown in Fig. 125. No inconvenience will be felt. But if the air 
be exhausted from the cylinder, the flesh of the hand will be forced 
into the cylinder by the pressure from without, which is no longer 
resisted by the pressnre of the air. The hand swells, and the blood 
tends to flow out through the pores. 

The question may be asked, why, when the hand is placed upon 
a body, it is not retained there by the pressure of the atmosphere. 
The answer is, there is a thin layer of air between the hand and the 
body, which exactly counterbalances the effect of the external pres- 
sure. Were the air perfectly excluded from between the hand and 
the body, there would be a strong tendency to adherence between 
them. 

The operation of cupping, in medicine, depends upon the princi- 
ple just explained. 
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SECTION II. — MEASURE OF THE ELASTIC FORCE OF GASES. 


180. Mariotte’s Law. — When a given mass of any gas 
or vapor is compressed, so as to occupy a smaller space, its 
elastic force is increased; on the contrary, when the volume 
is increased, its elastic force is diminished. 

The law of inerease and diminution of elastic force was 
first made known by Martorre; hence it was called by his 
name. Mariorrre’s Law may be enunciated as follows : — 


The elastic force of any given amount of gas, whose tempera- 
ture remains the same, varies inversely as its volume. 


As a consequence of this law it follows that, 


If the temperature remains constant, the elastic force varies 
as the density. 


181. Mariotte’s Tube.— Marrorrr’s Law may be verified 
by means of an apparatus, shown in Figs. 126 and 127, called 
Mariotte’s Tube. This tube is of glass, bent into the shape of 
a letter J. The short branch is closed, and the long one 
open at the top. The tube is attached to a wooden frame, 
provided with suitable scales for measuring the heights of 
mercury and air in the two branches. 

The instrument having been placed vertical, a sufficient quantity 
of mereury is poured into the long branch to eut off communication 
between the two branches, as shown in Fig. 121. The level of the 
inereury in the two branches is the same, and this level is at the 0 
point of the two scales. The air in the short branch is of the same 
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Jensity, and has the same tension, as that of the external atmos- 
phere. 

If an additional quantity of mercury be poured into the longer 
branch of the tube, it will press upon the air in the shorter branch, 


TT = 


and compress it. If the difference of level in the two branches be 
made equal to the height of the barometrical column, as shown in 
Fig. 127 (where the difference is 76 centimeters, or 29.92 inches), the 
air will be compressed into B C, one half of its original bulk. 
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SECTION III. — PUMPS AND OTHER MACHINES. 


182. The Air-Pump. — This machine was invented by 
Orro von GuERICKE in 1650. 

Many improvements have since been made in its construc- 
tion, but the essential parts remain the same as in the original 
invention. 

Fig. 128 represents the essential parts of one of the best modern 
forms. It consists of a glass or metal cylinder called the barrel, in 
which a piston works. The piston has au opening through it whieh 
is closed by a valve, S, openmg upwards. 
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Fig. 128. 


The barrel is connected by a tube with the centre of a brass plate, 
to which the receiver, /, is carefully fitted so as to be air-tight. 
The entrance to this tube is fitted with a conical valve, S’, at the 
end of a metal rod which passes through the piston head, and works 
in it tightly, so as to be carried up and down with the motion of the 
piston. This rod is so arranged by a catch at the top that it can 
lift the valve but slightly above the opening. 


The following is its mode of operation : — 


Suppose the piston to be at the bottom of the cylinder. Then, 
when it is raised, the valve, S’, is opened, and the air from the re- 
ceiver, HZ, rushes into the cylinder. When the piston is lowered 
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again, the valve, S’, closes; the air which has entered the cylinder 
cannot return into the receiver, and, on being compressed, raises the 
valve, S, in the piston and escapes into the air outside. 

On raising the piston again, another portion of air will pass from 
the receiver into the cylinder, and this will be removed, as before, 
when the piston is lowered again. 


Big. 129; 


If this motion is continued, a portion of the air in the receiver will 
be removed at each successive stroke; and, finally, nearly all the air 
may be exhausted from the receiver. 

The vacuum produced in this way can never be perfect, however, 
for the process of exhaustion can continue only so long as the air 
remaining in the receiver has elastic force enough to expand and 
flow through the pipe to fill the cylinder, when the piston is raised. 

Fig. 129 represents one of the best of the simple forms of the 
instrument, as made by E. 8. Rrrcute, of Boston. 
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183. The Mercurial Gauge. —In order to measure the 
degree of rarefaction produced, a glass cylinder, / (Fig. 128), 
is connected with the pipe leading from the receiver. In 
this cylinder is a glass tube bent into the form of the letter 
U, one branch being closed at the top, and the other open. 
The tube has its closed branch filled with mercury, and is 
called a siphon gauge. 

The mercury, under ordinary circumstances, is kept in the 
closed -branch by the atmospheric pressure, but as the air 
becomes rarefied in the receiver, the tension of the air be- 
comes less and less, and finally the mercury falls in the closed 
branch and rises in the open one. The difference of level 
between the mercury in the two branches is due to the 
tension of the rarefied air, and if this difference is determined 
by means of a proper scale attached to the gauge, the tension 
‘an be found. ‘Thus, if the difference of level is reduced to 
one inch, the tension of the air in the receiver will be only 
one-thirtieth part of the tension of the external atmosphere. 

The siphon gauge is sometimes connected with the receiver in 
a different way; as seen in Fig. 113 and 125, It is only neces- 
sary that it should be so placed that the air will be exhausted 
from it at the same time, and to the same degree as from the 
recelver, 


184. Sprengel’s Air-Pump.— Various methods have 


been employed for obtaining a more complete vacuum than 
can be produced by the ordinary air-pump. One of the most 
effective instruments for this purpose is Sprengel’s Air-Pump, 
represented in Fig. 180. 

To the funnel, A, is attached a glass tube, longer than a barom- 
eter tube. Its lower end enters the glass vessel, B, and reaches 
nearly to the bottom. 'The upper part of the tube branches off at a, 
and is connected with the receiver that is to be exhausted. 

Merenry is poured into the funnel, A, and as it flows down the 
tube, air from the receiver enters at v, and is carried along with it. 
The tube below is then seen to be filled with cylinders of mercury 
separated by cylinders of air, all moving downwards. 
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The mercury in the bottom of the vessel, 4, prevents the 
air from passing back into the tube, and it escapes while the 
mercury flows into the vessel, #. 

As the process goes 
on, the cylinders are 
seen to be separated 
by smaller and smaller 
spaces of air, till it ap- 
parently passes down 
as a solid column; no 
air spaces appearing. 
This indicates the com- 
pletion of the process. 

The only labor re- 
quired is that of lifting 
and pouring the mer- 
cury back into the fun- 
nel after it flows out. 


The operation is very 
slow, but it produces a 
vacuum so nearly perfect 
that less than one-inillionth 
part of the original quan- 
tity of air remains in the 
receiver. 

By employing tubes of 
sufficient length water can 
be used instead of mer- 
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cury. ———————————————— 


The filter-pumps, now Fig. 180. 
much used in chemical laboratories, are constructed on the 


same principle. 


185. Experiments with the Air-Pump. — Several ex- 
periments requiring the use of the air-pump have already been 
described. Most of these serve to show the pressure of the 
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atmosphere. Fig. 181 shows the elastic force of a confined 
body of air. 
* Two bottles, A and B, are connected by a tube which is fitted air- 
tight into A, but loosely into B. The tube 
extends nearly to the bottom of A, which is 
partly filled with water. When both are 
placed under the receiver, and the air ex- 
hausted, the elastic force of the air in A 
~ == causes it to expand and drive the water over 
2g cerca into B. 

Fig. 181, If a lighted candle be placed under a 
receiver, and the air exhausted, the candle will go out and the smoke 
will sink, showing that it is heavier than the rarefied air of the 


ee ha 


receiver. 

If an animal or bird be placed 
under the receiver, and the air 
exhausted, it will struggle and 
soon die. This experiment is 
shown in Fig. 132, 


186. Practical Uses of 
the Air-Pump. — The most 
important practical applica- 
tion of the air-pump is in 
diminishing the pressure of 
the atmosphere to facilitate 
evaporation of liquids. 


In order to concentrate the 
syrup of sugar without employ- 
ing a high degree of heat, it is 
placed in closed vessels called 
vacuum pans, and the air and 


the steam that rise are removed 
by powerful air-pumps driven by 
steam-power, By this method the watery vapor is rapidly carried 
off, and the syrup brought to the proper degree of concentration 
without employing a degree of heat that would burn or discolor 
the syrup. 


Fig. 132. 
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The same process is employed in making or concentrating a great 
variety of syrups and extracts that are used in medicine. 

The air-pump has also been employed for exhausting long 
tubes that are used for transmitting letters, messages, and 
various small packages. ‘These are called Pneumatic Tubes. 

In London, where these tubes are extensively used, they are 
made of lead enclosed in tubes of iron. They are made smooth 
on the inside, and fitted with 
pistons consisting of cylinders 
of gutta-percha, in which the 
articles to be transmitted are 
placed. The air is then ex- 
hausted, and the pressure of the 
atmosphere drives the piston 
through the whole length of 
the tube. The tubes used for 
this purpose are about 24 inches 
in diameter; and some of them 
are more than two miles in 


length. 


187. The Condenser. — 
This machine is simply an 
air-pump with the valves re- 
versed. It is used for com- 
pressing air and forcing it 
into a small space. Fig. 183 
shows the construction of one 
of the common forms. At 
the bottom of the pump-bar- 
rel there is a valve, 6, which 
opens downward; at a, in a 
lateral tube, is an admission valve which opens inward. R is 
a strong copper vessel, which is screwed upon the lower part 


Fig. 188. 


of the pump-barrel. 

When the piston is forced downward the air enters the receiver 
through the valve, b, which prevents its return.. At the upward 
stroke the air enters the cylinder, through a. As the movement 
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goes on, successive portions of air are drawn through a, and forced 
through the valve, b, into the receiver. If another closed vessel, at 
C, be connected with the lateral tube at a, it will be exhausted of air 
by the same process. Hence this instrument may be used to transfer 


gases from one vessel to another. 


188. Applications of Condensed Air.—In the improved 
method of transmitting messages by pneumatic tubes, con- 
densers as well as air-pumps are used; the air being forced 
into the tubes behind the pistons at the same time that it is 
exhausted in front. 

In laying the foundations of bridges, and in various sub- 
marine operations, air is forced into large tubes, open at the 
bottom, which are sunk in the water where work is to be 
done. These tubes are so arranged that men can enter them 
and work at the bottom while the water is kept out. by the 
pressure of condensed air. 

It is possible for nen to remain for a considerable time, without 
injury, in an atmosphere of three or four times the ordinary density ; 
the only inconvenience being a painful sense of oppression in the 
ears. This feeling takes place only at the beginning and end of the 
operations, disappearing when an equilibrium is established between 
the tension of the air in the internal ear and that without. 


189. Application to Tunnelling and Mining. — One 
of the most important uses of compressed air has been in the 
boring of tunnels through mountains of solid rock. 

The excavation of the Mont Cenis Tunnel in the Alps, and 
of the Hoosac Tunnel in Massachusetts, was accomplished 
by means of machines driven by compressed air. 

At the Hoosac Tunnel, the water-power of the Deerfield 
River, which flows near the eastern entrance, was used to 
operate several powerful compression-pumps, which forced 
the condensed air through an iron pipe to the point of work- 
ing in the tunnel. 

Here it was made to drive a number of drilling-machines, 
by which the rock was perforated. The machines consisted 
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essentially of cylinders fitted with pistons, to which the drills 
were attached. Eight or ten of these machines were fastened 
to a heavy iron framework resting on wheels, by which it 
could be moved forward and back, on rails laid for the pur- 
pose (Fig. 184). 

When in use, this framework was brought up and firmly fastened 
near the ‘‘ heading ” to be operated on. ‘The drilling-machines were 


Fig. 135. 


then fixed in the proper position on the framework, and the com- 
pressed air from the iron pipe was conducted to the several machines 
by smaller flexible tubes. Here it was admitted to the eylinders, 
alternately before and behind the pistons which carried the drills, 
driving them with great foree and rapidity against the roek. 

Fig. 135 represents the iron framework, or carriage, with four 
drills attached. The flexible tubes shown in the figure earry the 
air to the machines from the iron pipe laid along the bottom of the 


tunnel, 
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Fig. 136 represents a form of the drilling-machine which is now 
extensively used in mining operations. It is mounted upon a column, 
on which it may be raised or lowered by means of the screw-thread ° 
cut upon its surface. It is also arranged so that the drill may be 
driven in any direction required. 
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Fig. 136. 


190. Advantages in the Use of Compressed Air. 
For work in tunnels, deep mines, and other confined spaces, 
there are several advantages in the use of compressed air : — 


1. The power may be transmitted through a great distance 
with very slight loss. 

At the Hoosae Tunnel, when the work was done at a distance of 
nearly three miles from the compressors, the loss of power was less 
than fonr per cent of the whole. 

9. The air, after doing its work in the machines, escapes 
and serves as a fresh supply of pure air, and drives out the 
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smoke and the noxious gases which would otherwise accumu- 
late from the blasting, the burning of lamps, and the breath- 
ing of the workmen. 

3. In deep mines, where the heat is often oppressive, the 
expansion of the air, as it escapes, lowers the temperature. 
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Fig. 137. 


1g1. Artificial Fountains. — Water may be forced up- 
ward, in the form of a jet, by the tension of compressed air. 
Hero’s Fountain, one form of which is shown in Fig. 137, is 


operated in this way. 
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It consists of two globes of glass, connected by two metallic 
tubes. The upper globe is surmounted by a brass basin, 
connected with the globe by tubes, as shown in the figure. 


To use the instrument, the tube which forms the jet is withdrawn, 
and through the opening thus made, the upper globe is nearly filled 
with water, the lower one containing air only. The jet tube is then 
replaced, and some water is poured into the basin. 

The water in the basin, acting by its weight, flows into the lower 
globe, through the tube shown on the left of the figure, as indicated 
hy the arrow-head. This flow of water into the lower globe forces 
out a part of the air in it, which, ascending by the tube shown on 
the right of the figure, accumulates in the upper globe. The pres- 
sure of the air in the upper globe, acting upon the water in that 
part of the instrument, forces a part of it up through the yet tube, 
giving rise to a jet of water, which may be made to play for several 
hours without refilling the instrument. 


192. The Atmospheric Inkstand. — This form of ink- 
stand now in common use illustrates the principles of atmos- 
pherie pressure. 

It is represented partially filled with ink in Fig. 138. The body 
of the inkstand is air-tight. Near the bottom is a tube for supplying 
the ink as wanted, and also for filling 
the inkstand when necessary. It is 
filted by turning it until the tube is at 
the top, when the ink can be poured 
in through the tube. The pressure 
of the atmosphere prevents the ink 
from flowing out. When the ink has 
been used till its level falls below 0, 
where the tube joins the main body of 
the inkstand, a bubble of air enters, and rising to the top, acts by 
its pressure to fill the tube again, and so on until the ink is ex- 


Fig. 138. 


Hausted. 


Summary. — 
Measure of the Elastic Force of Gases. 
Mariotte’s Law. 
Verification of the Law. 
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The Air-Pump. 

Description of Leslie’s. 

Mode of Operation. 

The Mercurial or Siphon Gauge. 

Sprengel’s Air-Pump. 

Deseription. 

Mode of Operation. 
Experiments with the Air-Pump. 
Practical Uses of the Air-Pump. 
The Condenser. 

Description. 

Mode of Operation. 
Applications of Condensed Air. 

In laying the Foundations of Bridges. 

In Submarine Work. 

In Tunnelling and Mining. 

Advantages of Compressed Air. 

1. In transmitting Power at Great Distances 
with Slight Loss. 

2. In driving out the Noxious Gases caused by 
Blasting, by means of Waste Air, and also 
in furnishing Pure Air. 

3. In lowering the Temperature of the Mine. 

Artificial Fountains. 

Hero’s Fountain. 
Atmospheric Inkstand. 


193. Water-Pumps. — A WATER-PUMP is a machine 
for raising water from a lower to a higher level, gen- 
erally by the aid of atmospheric pressure. Three sep- 
arate principles are employed in working pumps: the 
sucking, the lifting, and the forcing principles. Pumps 
are often named according as one or more of these 
principles are employed. 


194. The Lifting-Pump.— The common lifting-pump 
acts upon the principle of atmospheric pressure. Its mode of 
operation may be understood from Figs. 139, 140, and 141, 
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which represent sections of the pump in different states of 
action. In all of the figures, a is the sleeping-valve, ¢ the 
piston-valve, and & the sucking-pipe. 

Suppose the piston to be at the lowest point of its play ; 
there will then be an equilibrium between the pressure of the 
air within the pump and that without. When the piston is 
raised to the highest point of its play, the air beneath it is 


Fig. 139. Fig. 140. Fig. 141. 


rarefied, and its tension diminished ; the tension of the air in 
the sucking-pipe then forces up the sleeping-valve, and a 
portion of it escapes into the barrel. The tension of the 
air in the sucking-pipe being less than that of the external 
atmosphere, a quantity of water rises in the pipe, to restore 
the equilibrium. The water continues to rise till its weight. 
increased by the tension of the air in the pump, is just equal 
to the tension of the external air. When the equilibrium :s 
restored, the sleeping-valve closes by its own weight. 
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Now, if the piston be depressed, the air in the barrel is condensed, 
forces open the piston-valve, and a portion escapes into the external 
atinosphere. If the piston be raised again, an additional quantity of 
water will be forced’ into the pump, and after one or two strokes of 
the piston, it will begin to flow into the barrel, as shown in Fig. 139. 

When the water rises above the lowest limit of the play of the 
piston, the latter in its descent will act to compress the water in the 
barrel. This pressure forces open the piston-valve, and a portion of 
the water passes above the piston, as shown in Fig. 140. By con- 
tinuing to elevate and depress the piston, the water will be raised 
higher and higher in the pump, till at length it will How from the 
spout, as shown in Fig. 141. 

As the water is raised in the pup by atmospheric pressure, it is 
necessary that the lowest limit of the play of the piston should not 
be more than 34 feet above the surface of the water in the reservoir, 
even at the level of the sea. To provide against barometric fluctua- 
tions and other contingencies, it is usual to make this distance con- 
siderably less than 34 feet. 


195. The Forcing-Pump. — In the Forcrne-Pumr the 
sucking-pipe may be dispensed with, and.the barrel plunged 
directly into the reservoir, as shown in Figs. 142 and 143, or 
a sucking-pipe may be employed, as will be explained here- 
after. We shall first consider the case in which the sucking- 
pipe is omitted. 

In this case the piston is solid, and a lateral pipe, /7, called 
the delivery-pipe, is introduced below the level of the lowest 
position of the piston. There are two valves, both fixed, the 
sleeping-valve, a, as in the sucking-pump, and a valve, e, 
opening into the delivery-pipe. 

When the piston is raised to its highest position, as shown 
in Fig. 142, the pressure of the atmosphere on the water in 
the reservoir forces open the sleeping-valve, and the barrel 
ie “tod with water up to the bottom of the piston, when the 
sleeping-valve closes by its own weight. On depressing the 
piston, the valve, e, is forced open, and a portion of the water 
in the barre] js forced into the delivery-pipe. When thé 
piston reaches its lowest position, the weight of the water in 
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the delivery pipe closes the valve, c, and prevents the water 
in the delivery-pipe from returning into the barrel. 

By continually raising and depressing the piston, additional quan- 
tities of water are forced into the delivery-pipe, which finally escape 
from the spout at the top of the delivery-pipe, as shown in Fig. 143. 

To regulate the flow of the water through the delivery-pipe, and 
to facilitate the working of the pump, an air-vessel is generally in- 
troduced, as will be explained in Art. 196. Sometimes the working 
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Fig. 142. 


is rendered uniform by combining two forcing-pumps in such a 
manner that the piston of the one ascends whilst that of the other 
descends. This combination is explained in Art. 197. 


196. The Forcing-Pump with Air-Chamber.— This 
differs from the simple forcing-pump, described in Art. 195, 
in having a sucking-pipe and an air-vessel. It consists of a 
barrel, A, a sucking-pipe, B, a sleeping-valve, G, and a solid 
piston, O, worked by a lever, #, and piston-rod, D, A pipe 
leads from the bottom of the barrel, through a sleeping- 
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valve, /, into an air-vessel, A. The delivery-pipe, //, enters 
the air-chamber at its top, and extends nearly to the bottom. 


P To explain the action of the pump, sup- 

= pose it empty and the piston at its lowest 
position; when it is raised to its highest 
position, the air in the barrel is rarefied, 
the tension of the air in the sucking-pipe 
forces open the valve, G, and a portion of it 
escapes into the barrel; the water is then 
forced up the sucking-pipe by the tension 
of the external air acting on the surface of 
the water in the reservoir until an equilib- 
rium is produced, when the valve, G, closes 


by its own weight. 
If the piston be again depressed to its 
lowest limit, the air in the barrel is con- 


Fig. 144. 


densed until its tension exceeds that of the external air, when it 
forces open the valve, Z’, and a portion escapes into the air-vessel. 
After a few double strokes of the piston the water rises through 
the valve, G, aud the action becomes the same as in the pump 
described in Art. 195, with the exception of the air-vessel, which 
serves to keep up a continuous stream through the delivery-pipe. 
The piston ought not to be more than 34 feet above the reservoir. 
The spout, P, may be at any height above K. 


197- The Fire-Engine. — A Fire-Enare is a double 
foreing-pump, having its delivery-pipe composed of leather 
or other flexible material. It is used, as its name implies, 
for extinguishing fires. 

Fig. 145 shows a section of the essential parts of a fire- 
engine. In this figure, ? @ is the lever to which are attached 
the piston-rods that move the pistons, m and”, # is an air- 
vessel with two valves, one admitting water from each barrel ; 
Z is the entrance to the hose or delivery pipe; Mand N are 
rods sustaining the framework of the machine. 

The two barrels are plunged into a reservoir which is kept 
supplied with water. ‘This water flows into a space beneath 
the barrels through holes represented on the right and left 


te 


THE FIRE-ENGINE. 159 


.of the figure, and from thence is forced into the air-vessel in 
a manner entirely similar to that explained in the the last 
article. When the water is forced into the air-vessel, #, the 
air is at first compressed, after which it acts by its tension to 
force a continuous current through the hose. 

The lever is provided with long handles at right angles to its 
length, so that it may be worked by several men acting together. 
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Within a few years many improvements have been introduced 
into the fire-engine, one of the most important being the application 
of steam as a motor. 


198. The Siphon.— The Sipnon is a bent tube, by 
means of which a liquid may be transferred from one reser- 
yoir to another, over an intermediate elevation. The siphon 
may be used with advantage when it is required to draw off 
the upper portion of a liquid without disturbing the lower 
portion. This operation is called decanting. 
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The siphon consists of two branches of unequal lengths, as 
shown in Fig. 146. The shorter one is plunged into the 
liquid to be decanted, and the flow takes place from the 
longer one. 

To use the siphon, it must first be filled with the liquid. This 
operation inay be effected by applying the mouth to the outer end of 
the siphon, and exhausting the air by suction, or it may be inverted 
and filled by pouring in the liquid, and stopping both ends, after 


Fig. 146. 


which it is again inverted, care being taken to open both ends at the 
saine instant. Sometimes a sucking-pipe is employed to exhaust the 
air and fill the siphon. 

When the flow commences, it will continue until the liquid in the 
first reservoir falls below the level of the end of the siphon. 

To understand the action of the siphon, we must consider 
the forces called into play. The water is urged from d 
towards 6, by the pressure of the atmosphere on the fluid in 
the reservoir, together with the weight of the water in the 
outer branch of the siphon; that is, by the weight of a column 
of water whose height is a4. This motion is retarded by 
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the pressure of the atmosphere at 6, together with the weioht 
of the fluid in the inner branch; that is, by the weight of a 
column whose height is ed. The difference of these forces 
is the weight of a column of the liquid whose height is the 
excess of ab over ed, and it is by the action of this force 
that the flow is kept up. The greater this difference the 
more rapid will be the flow, and the less this difference the 
slower the liquid will escape. When this difference becomes 
zero, the flow ceases altogether. 

The siphon is used for conveying water over hills, but for this 
purpose the highest point of the tube should not be more than thirty 
feet above the level of the water in the reservoir, this being about 
the height at which the atmospheric pressure will sustain a column 
of water. 


199. Adhesion of Liquids and Gases. — A rapid 
current or jet, either of a liquid or a gas, tends te carry 
along with it the surrounding particles of air which adhere to 
it, and thus to produce a partial vacuum. This principle is 
made use of in raising liquids through tubes. Let a powerful 
jet of steam be directed horizontally over the open end of a 
vertical tube, the lower end of which is plunged in water; 
the air from the tube is swept along by the steam, a vacuum 
is produced, the water rises, and is, in its turn, driven for- 
ward by the jet of steam. 

In the apparatus known as Gif- 
fard’s Injector, water is supplied 
to the boiler of a steam-engine by 
a jet-of steam, which is thrown 
with great force through a small 
pipe into the centre of a larger 
tube connected with the supply 
of water. A vacuuin being formed 
about the jet, water is drawn for- 
ward and thrown into the boiler. 

The same principle is made use 
of for throwing a fine spray of 
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lignid into the air, as shown in Fig. 147. By pressing upon the 
rubber buib a Mast of air is made to issue from a jet, which is placed 
over the opening of a tube that extends into the liquid in the bottle. 
The force of the blast first exhausts the air, and then throws the 
liquid which rises from the tube in fine spray or mist. 


Summary. — 

Water-Pumps. 

Definition. 

Principles Employed. 
Lifting- Pump. 

Principle Involved. 

Description. 

Mode of Operation, 
Forcing-Pump. 

Description. 

Mode of Operation. 

With Air-vessel attachea. 
Fire- Engine. 

Description. 

Mode of Operation. 
Siphon. 

Definition. 

Description. 

Mode of Operation. 
Adhesion of Liquids and Gases. 

Principle Explained and Illustrated. 

Giffard’s Injector. 


SECTION IV, —- APPLICATION TO BALLOONING., 


200. Buoyant Effort of the Atmosphere. — It has 
been shown that a body plunged into a liquid is buoyed up. 
by a force equal to the weight of the displaced liquid. That 
a similar effect is produced upon a body in the atmosphere, 
may be shown by means of an instrument called a baroscope, 
which is represented in Fig, 148, 
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The Baroscore consists of a beam like that of a balance, 
from one extremity of which is suspended a hollow sphere 
of copper, and from the other extremity a solid sphere of 
lead. These are made to balance each other in the atmos- 
phere. 

If the instrument be then 
placed under the receiver of 
an air-pump and the air ex- 
hausted, the copper sphere 
will descend. ‘This shows 
that in the air it was buoyed 
up by a force greater than 
that exerted upon the leaden 
sphere. If, now, the leaden 
sphere be increased by a 
weight equal to that of a 
volume of air of the same 
bulk as the copper sphere 
diminished by that of the 
leaden sphere, it will be 
found, after the air is ex- 
hausted, that the balance is 
in equilibrium. This shows 
that the buoyant effort is 
equal to the weight of air 
displaced. Hence we have 
the following principle, en- 
tirely analogous to the principle of ARCHIMEDES : — 


When a body vs plunged into a gas, it is buoyed up by a force 
equal to the weight of the displaced gas. 

If the buoyant effort is greater than the weight of the body, 
the latter will rise; if it is less, the body will fall; if the two are 
equal, the body will float in the atmosphere without either rising 
or falling. 

Smoke, for example, rises, because it is lighter than the air which 
it displaces. It continues to rise until it reaches a stratuin of ain 


164 PNEUMATICS. 


where its weight is just equal to that of the displaced air, when it 
will come to rest and remain suspended. A soap-bubble filled with 
warm air floats for a considerable time in the atmosphere, being 
nearly of the same weight as the displaced air. 


201. The Balloon.—A Batoon is a spherical envelope 
filled with some gas lighter than air. 

The first balloon made was filled with heated air and 
smoke, furnished by burning damp straw, paper, and the 
like, under the balloon, the lower part of which was left open 
to receive them. When filled, it rose to a height of more 
than a mile; but it soon became cooled, and fell to the earth, 
The use of hot-air balloons was, however, entirely given up 
on account of the serious accidents to which they were liable. 

Sinall balloons of this kind, called fire-balloons, are often made 
for toys. A spherical bag of light paper is made, with a large open- 
ing at the bottom, aeross which are stretched wires; to these a 
sponge saturated with alcohol is fastened. The aleohol being set 
on fire, the air in the balloon becomes heated and rarefied till the 
whole is lighter than an equal bulk of the atmosphere, when it rises. 


202. Balloons of the Present Day. — Balloons by 
which persons ascend are, at the present day, generally filled 
with hydrogen or coal gas. The latter, although heavier 
than the former, yet by reason of its cheapness, and the 
facility with which it can be procured, is usually preferred. 

The envelope is made of silk, rendered air-tight by caoutchouc 
varnish on both sides of it. Sometimes two sheets of silk are used, 
with a sheet of india-rubber between them. 

The basket, or ear, made of wicker-work or whalebone, is sus- 
pended by means of cords to a network which completely covers the 
whole balloon or the entire upper half. This network is attached 
in such a manner as to distribute the weight of the car and its eon- 
tents as evenly as possible. 

At the top of the balloon is a valve kept closed by a spring; it 
can be opened by means of a string descending through the balloon 
to the car of the aeronaut. When he wishes to descend, he opens 
the valve, and allows a portion of the gas to eseape. ‘To ascertain 
whether he is aseeriding or descending, the aeronaut is provided with 
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a barometer; when ascending, the barometric column falls, and 
when descending, it rises. By means of the barometer, the height at 
any time may be determined. 

A long flag fixed to the car will indicate, by the position it takes, 
either above or below, whether the balloon is rising or falling. 

To enable the balloon to rise, it must displace a volume of 
air greater in weight than itself and all it carries. When the 
volume of air displaced is less in weight, the balloon will sink ; 
when equal, it will, after a few oscillations, come to rest in 
that stratum of the atmosphere. 


The measurements for a balloon of the ordinary dimensions, which 
can carry three persons, have been given as follows: 16 yards high, 
12 yards in diameter, and, when it is quite full, about 680 cubic yards 
in volume. The balloon itself weighs 200 pounds; the accessories, 
such as the rope and car, 100 pounds. 

Many attempts have been made to direct the course of balloons 
in the air, but so far all have failed. They present so extensive a 
surface, that the resistance of the air is sufficient to neutralize any 
efforts to propel them in any desired direction, with a degree of speed 
worth attaining. 


203. Method of filling a Balloon and making an 
Ascent. — The balloon is filled by raising it three or four feet 
above the ground by pulleys, when the gas is introduced by means 
of a pipe or hose which connects with a gasometer. As the balloon 
fills with gas it is held down by ropes, and when nearly filled, the 
car is attached. Care should be taken not to fill the balloon com- 
pletely, as the gas expands in rising, and unless an allowance is 
made for this expansion the balloon might be ruptured. 

To regulate the ascensional power, the car is ballasted by sand, 
contained in small bags. Everything being ready, the ropes are 
detached, and the balloon ascends with greater or less velocity, ac- 
cording to the ascensional force. 

When the aeronaut finds that he does not ascend fast enough, he 
increases the ascensional force by emptying one or more of the sand- 
bags. In like manner, in descending, if the velocity is too great, or 
if the balloon tends to fall in a dangerous place, the weight of the 
balloon is diminished by emptying some of the sand-bags. 

To render the descent less difficult, the aeronant is provided with 
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an anchor or grapple, suspended from a rope, by means of which he 
can seize upon some terrestrial object when he comes near the earth. 
When the anchor is made fast, the aeronant draws down the balloon 
by pulling upon the rope. 


204. The Uses of Balloons. — Balloons have been 
used in war to some extent for making observations within 
the lines of an enemy, and also as a means of communica- 
tion between parties besieged and those without the lines of 
the besiegers. 

The most important 
use of the balloon, thus 
far, has been in making 
scientific observations 
in the higher regions of 
the atmosphere. Much 
valuable meteorological 
information has been 
gathered by the experi- 
ments in aerial navi- 
gation, especially by 
GLAISHER, an English ~ 
aeronaut. ‘The greatest 
height ever attained ina 
balloon was a little over 
seven miles, and was 


reached by GLAISHER on 

September 5, 1862. 
205. The Parachute. — A Paracnurr is an apparatus 

by means of which an aeronaut may abandon his balloon, and 


Fig. 149. 


descend slowly to the earth. 

The form and construction of a parachute, when detached 
from the balloon, are shown in Fig. 149. 

It consists of a cireular piece of cloth, 15 or 16 feet in diameter, 
presenting, when spread, the form of a huge umbrella. The ribs 
are made of cords, which, being continued, are attached to a wieker 


car, as shown in the figure, 
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A hole is made at the top, in the centre, which, by allowing a 
part of the compressed air to escape, directs the descent, and prevents 
violent oscillations, that might prove dangerous by the air escaping 
from under the edge of the parachute. 

Mr. Wise, an American aeronaut, several times exploded 
his balloon, when high in the air, to show what he considered 
to be always the case, that the fragments with the network 
would, under such circumstances, form a parachute which 
would moderate the rate of descent, 
and allow the aeronaut to reach the 
earth in safety. 

If from any cause it appears impracti- 
cable to effect a descent from the balloon 
itself, the parachute may be of the greatest 
service to the navigator. At present, how- 
ever, it seems to be used to astonish the 
public by the skill and courage of the 
aeronaut, who dares to launch himself 
into space in this frail craft when no danger 
threatens his balloon. 

All things considered, it is generally 
regarded as safe to effect a descent with 
the balloon as with the parachute. 

In Fig. 150 is shown the balloon with 
parachute, attached to the network by 
means of a cord, which passes round a 
pulley, and is fixed at the other end to the 
car. When the cora is cut the parachute descends with great 
rapidity; but the air soon spreads the cloth, and then, acting by 
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its resistance, the velocity is diminished, and the aeronaut reaches 
the ground without injury. 


Summary. — 
Buoyant Effort of the Atmosphere. 
Baroscope. x 
Principle of Archimedes. 
The Balloon. 
Hot-air Balloon. 
Toy Balloon, 
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The Balloon (continued). 
Construction of Modern Balloons. 
Mode of Navigation. 
Principle that enables a Balloon to rise. 
Measurements of a Balloon. 
Directing the Course of a Balloon. 
Method of fillmg a Balloon and preparing for its 
Ascent. 
Valuable Information gained by Balloons. 
The Parachute. 
Use and Construction. 
Experiment of Mr. Wise. 
Exhibition of the Courage of the Aeronaut. 
Illustration of the Method by which the Parachute 
is detached from the Balloon. 


CHAPTER Vi. 
ACOUSTICS. 
SECTION I. — PRODUCTION AND PROPAGATION OF SOUND. 


206. Acoustics is that branch of Physics which treats 
of the laws of generation and propagation of sound. 


207. Sound is a motion of matter capable of affecting the 
ear with a sensation peculiar to that organ. 

Sound is caused by the vibration of some body, and is 
transmitted by successive vibrations to the ear. The original 
vibrating body is said to be sonorous. A body which trans- 
mits sound is called a medium. The principal medium of 
sound is the atmosphere; but all elastic bodies transmit 
sound, and are, therefore, media. 


ad 


Fig. 151. 


Let us take, for illustration, a stretched cord which is made to 
vibrate by a bow, as in a violin, for example. When the cord is 
drawn from its position of rest, ac b (Fig. 151), to the position, adh, 
every point of the cord is drawn from its position of equilibrium ; 
when it is let go, its elasticity causes it to spring back to its original 
position. In returning to this position, it does so with, a velocity 
that carries it past acb to aeb, from which it returns again nearly 
to adb, and so on vibrating backward and forward, until, after a 
preat number of oscillations, it at length comes to rest, 
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208. Sound-Waves in Air. — Mode of Propagation. 
—Sound-waves are produced in the air by the vibration of 
some sonorous body. When the body moves forward, it 
strikes the air in front of it, and condenses a stratum whose 
thickness depends on the rapidity of vibration; the particles 
of this stratum impart the condensation to those of the next, 
and these in turn to those of the next, and so on; the con- 
densation thus transmitted outward is called the condensed 
pulse. When the body moves backward, the air in front of 
it follows, and produces rarefaction in a stratum whose thick- 
ness depends on the rapidity of vibration ; this causes a back- 
ward movement and consequent rarefaction in the next 
stratum, which is transmitted to the next, and so on; the 
rarefaction thus propagated outward is called the rarefied 
pulse. 


7 


Fig. 152. 


Fig. 152 illustrates the formation of sound-waves by the vibra- 
tions of a tuning-fork. The prong, a, as it springs outward, con- 
denses the air in front, and then, receding, leaves behind it a partial 
vaenum. Thus each complete vibration generates a condensed and 
a rarefied pulse, and these together constitute a sound-wave. The 
dark spaces, a, b, e, d, represent the condensations, and the lighter 
spaces, a’, b’, &, d’, the rarefactions ; the wave-lengths are the dis- 
tunces ab, be, ed. ™ 

When a bell is rung, the air around it is set in motion, and sound- 
waves are generated, which move outward in every direction in the 
form of spherical shells, as shown in Fig. 158. 

The rate at which the sound-wave travels is the velocity of 
sound; the distance through which it travels in the time of one 
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vibration of the sonorous body is the wave-length. The form of the 
sound-waye is transmitted through the air, but the individual particles 
of air simply oscillate to and fro in the direction of wave propaga- 
tion, moving forward on the passage of the condensed and backward 
on the passage of the rarefied pulse; the distance through which 
each particle oscillates is called the amplitude of vibration of the 
particle. 

Any two particles situated on a line in the direction of propaga- 
tion, and at a distance from each other equal to a wave-leugth, are 
always moving in the same direction and with equal velocities ; such 
particles are said to be in the same phase. All the particles of any 
wave that are in the same phase are on the surface of a sphere, which 
is called a wave-front. 
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209. Combinations of Sound-Waves. — Many sounds 
may be transmitted through the air at the same time, and in 
some eases there is no perceptible interference of thc sound- 
waves. In listening to a concert of instruments a practised 
ear can detect the particular sound of each instrument. 

Sometimes, however, an intense sound covers up or drowns a more 
feeble one; thus, the sound of a drum might drown that of the 
human voice. Sometimes feeble sounds, which are too faint to be 
heard separately, by their union produce a sort of murmur. Such 
is the cause of the murmur of waves, the rustling sound of a breeze 
playing through the leaves of a forest, and the indistinct hum of a 
distant city. 
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210. Coincidence and Interference of Sound- 
Waves. — Two sets of sound-wayes may coincide so as 
to increase the intensity of the sound, or they may interfere 
so as to neutralize each other and produce silence, 

Suppose we have two tuning-forks, A and B, which produce 


waves of exactly the same length. Let them be placed a wave- 
length apart, as shown in Fig. 154. The two sets of vibrations 


im 


Fig. 154. 


will coincide, and the intensity of the sound will be greater than 
if one were vibrating alone. The same would evidently oceur if 
the distance between it and B were any number of whole wave- 
lengths. 
But suppose A and B to be only half a wave-length apart. It is 
evident that the rarefactions of one of the systems of waves will then 
A 
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Fig. 155. 


coincide with the condensations of the other system, and the result 
will be interference, by whieh both systems of waves will be de- 
stroyed. This result is indicated by the uniformity of shading in 
Fig. 155. 

The interference of sound-waves ean be shown by striking a small 
tuning-fork, and then holding it a short distance from the ear, 
rolling the stem at the same time between the thumb and finger. 
We shall find several positions where the sound-waves neutralize one 
another and no sound is heard, and also several where the waves 
coincide and there is a reinforcement of sound. 
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211. Beats.— When two tuning-forks which are not quite 
in unison are sounded together, there is no continuous sound 
produced, but a peculiar, palpitating effect, which is owing to 
wv series of alternate reinforcements and diminutions of the 
sound. This succession of sounds with the intervals of com- 
parative silence is known to musicians by the name of beats, 
and is the result of the coincidence and interference of the 
sound-waves. 

Suppose one of the forks vibrates LOO times in a second, and the 
other 101 times. If the waves start at the same moment the con- 
densations will coincide and also the rarefactions, but they begin to 
interfere more and more, inasmuch as one system has been gradually 
falling behind the other, until at the middle of the secoud it will 
have amounted to half a wave-length, and the two sounds will destroy 
each other. 

At the end of the second, when one fork has completed its 100th 
vibration and the other its 101st, one system has fallen behind the 
other one wave-length, and there is coincidence again of crest and 
depression, and the full effect of both sounds reaches the ear. We 
have, then, one beat and one interval in every second. 

In general, beats are produced by two musical sounds of nearly the 
same pitch emitted at the same time. The nwmber of beats per sec- 
ond is equal to the difference of the rates of vibration. 

Beats are frequently heard in the sound of church bells, and in the 
lower octaves of large organs. Telegraph wires, when made to 
vibrate by a strong wind, produce beats. These can be observed by 
pressing one ear against a telegraph-post and closing the other. 
[f we strike simultaneously one of the lower white keys of a piano 
and the adjacent black key, beats will be heard. 

Beats are of great value in tuning musical instruments. The notes 
given out by two musical instruments of slight difference in pitch 
can be brought into unison by tuning until the beats disappear. 


212. Sound is not propagated in a Vacuum. —That. 
some medium is necessary for the transmission of sound. 
may be shown by the following experiment. 

A bell is placed under the receiver of an air-pump, provided 
with a striking apparatus set in motion by clock-work. Before 
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the air is exhausted, the strokes of the hammer on the bel] 
are distinctly heard, but as the air is exhausted the sound be- 
comes fainter and fainter, till at last it ceases to be heard. 


For the complete success of this 
experiment the bell and clock-work 
should be supported by some sub- 
stance which does not readily trans- 
mit sound. As shown in Fig. 156, 
the apparatus is supported by silk 
threads. The sliding-rod, 7, is used 
to set the clock-work in motion. If, 
after the air is exhausted, any vapor 
or gas is admitted, the sound is again 
heard; showing that other elastic 
fluids, as well as air, may transmit 
sound. 


213. Propagation of Sound 
in Liquids and Solids.— Sound 
is transmitted, not only by gases, 
but also by liquids and_ solids. 
Divers hear sounds from the shore 
when under water, and sounds 
made under water are heard on 
shore. A slight sound made at 
one end of a long stick of timber is distinctly heard by an 
ear at the other end, even when it might be inaudible at an 
equal distance through the air. 


Fig. 156. 


The earth transmits sounds, and by placing the ear in contact 
with it, sounds may be distinguished at a great distance. This 
inethod of hearing approaching footsteps of men or animals is well 
understood by hunters. In the construction of subterranean galleries 
for mining purposes, the miner is often guided, as to the direction he 
should take, by sounds transmitted through large masses of earth 
and rock. 


214. Velocity of Sound in the Air. — That sound 
occupies an appreciable time in passing from point to point 
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may be shown by many familiar examples. If we notice a 
man cutting wood at a distance, we perceive that his axe 
falls some time before the sound of the blow reaches the ear. 
If a gun is discharged, we see the flash before we hear the 
report. In like manner, the flash of lightning is seen before 
we hear the thunder. 

In 1822 a number of scientific men undertook a series of 
very nice experiments to determine the velocity of sound. 
They placed a cannon on the hill of Montlery, near Paris, 
and another on a plain near Ville-Juif, the distance between 
them being 61,047 feet. At each station twelve discharges 
were made at intervals of ten minutes; the discharges alter- 
nating between the stations at intervals of five minutes. 
Observers placed at each station observed the intervals of 
time that elapsed between seeing the flash and hearing the 
report of the cannon at the other station. The average inter- 
val was 54.6 seconds, and the temperature was 61° F.; the 
actual velocity was found to be 1118 feet per second, which, 
after correcting for temperature, gave 1090 feet per second 
for the temperature 32° F. 

It is shown by experiment that if the elasticity of the air be in- 
creased, the density remaining the saine, the velocity of sound is 
increased ; or, the elasticity remaining the same, if the density be 
decreased, the velocity is also increased. When our atmosphere is 
heated by the sun, its density is made less while its elasticity is not 

changed. The velocity of sound is found to increase thereby about 
one foot per second for each degree Fahrenheit. 

The velocity of sound in air depends on the elasticity of the air 
in relation to its density. The greater the elasticity, the greater the 
velocity ; the greater the density, the less the velocity. ‘This can be 
expressed as follows : — 

The velocity is directly proportional to the square root of the elas- 
ticity ; it is inversely proportional to the square root of the density. 


215. Velocity of Sound in Liquids. — Sound is trans- 
mitted more rapidly in liquids than in air. Its velocity in 
water was measured by CoLLapon and SrurM, in 1826, at 
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the Lake of Geneva, in Switzerland. Two boats were moored 
at a distance of nearly nine miles from each other. One of 
them supported a bell of about 140 pounds weight immersed 
in the lake. Its hammer was moved by a lever so arranged 
that, at the instant of striking the bell, 
it ignited a small quantity of gunpowder. 
An observer in the other boat heard the 
sound by means of a trumpet-shaped 
tube (Fig. 157), the lower end of which 
was covered with a membrane, and 
turned in the direction from which the 
sound came. 


By observing the interval between seeing 
the flash and hearing the sound, the velocity 
was found to be about 4700 feet in a second, which is more than 
four times its velocity in air. 


Fig. 157. 


216. Velocity in Solids. — Solid bodies transmit sound 
more rapidly than gases or liquids. The velocity varies in 
different solids, and is greatest in dense and highly elastic 
bodies. Through steel wire sound moves at the rate of 
15,470 feet per second; through silver, at 10,900 feet per 
second, —just ten times the velocity in air. 

That sound travels faster in iron than in air may be shown by 
placing the ear at one extremity of a long iron bar or tube, while it is 
struck on the other end with a hammer. ‘Two sounds will be heard, 
the first transmitted through the iron and the seeond through the air? 
The true reason that the velocity of sound in liquids and solids is 
greater than in air is found in the faet that their elasticities, when 
compared with their densities, are greater than that of air compared 
with its density. 


217. Reflection of Sound. — Echoes. — When sound- 
waves in air strike upon a solid surface they are reflected, or 
thrown back ; and, as in the ease of elastic solid bodies, the 
angle of reflection is equal to the angle of incidence. A wave 
of sound falling perpendicularly on a wall or other flat sur- 


ACOESTIC CLOUDS Lat 


face returns in the same direction to the spot from which 
it emanated, and produces there an echo. 

A hard or perfectly smooth surface is not necessary to 
secure reflection of sound. It is reflected from cliffs, from 
wooded slopes of mountains, from the surface of water, and 
even from clouds, in such a way as to form distinct echoes. 
A sharp, quick sound may be returned as an echo from a 
distance of fifty-five feet, but, to repeat spoken words or 
syllables distinctly, the reflecting surface must be so far dis- 
tant from the speaker as to require at least the fifth of a 
second for sound to travel to it and return. 

It is not possible to pronounce or to hear distinctly more than five 
syllables in a second. The velocity of sound being 1090 feet per 
second, it follows that sound travels 218 feet in one fifth of a second. 
If, then, an obstacle be placed at the distance of 109 feet, sound will 
go to it and return in one fifth of a second. At that distance the 
last syllable only of the echo will reach the ear after the sentence 
is pronounced. Such an echo is called monosyllabic. If the echo 
takes place from an obstacle at a distance of 218 feet, we hear two 
syllables; that is, the echo is dissyllabic. At distances of 327 feet, 
the echo is trisyllabic ; and so on. 

When sound is reflected from several surfaces situated in different 
directions and at different distances, multiple echoes are produced ; 
that is, a single sound or syllable is repeated several times. The 
number of times that a single sound will be repeated depends upon 
the number of reflecting surfaces; the number of syllables or words 
that will be repeated after a speaker depends upon the distance of a 
single reflecting surface. 

Sound is wasted by repeated reflections. Floors and partitions 
are deadened by means of mortar, sawdust, and the like, so that the 
heterogeneous mass by irregular reflection of the sonorous waves may 
diminish the intensity of the sound. 


218. Acoustic Clouds. — It has generally been supposed 
that fogs, rain, snow, and hail interfere with the transmis- 
sion of sound; but, according to experiments made by Tyn- 
dall, they seem to have no sensible power in obstructing 
sound, and therefore the connection supposed to exist be- 
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tween a clear atmosphere and the transmission of sound is 
dissolved. He also found that the air associated with fog is 
usually highly homogeneous and favorable to the transmission 
of sound. 

He supposed the existence in the air, even in the clearest weather. 
of clouds of vapor impervious to sound, called acoustic clouds. 
These have no connection with ordinary clouds, fogs, or haze. The 
sound-waves are thrown back from these clouds, as light from ordi- 
nary clouds, and the intensity of the sound is weakened by repeated 
reflections. 

The fact that sound is thus turned back may explain the varia- 
tions in distance at which familiar sounds are often heard at different 
times, and especially why, at a given point, the sound produced by a 
‘annon may be heard at some places and not at others equally dis- 
tant from the spot. We may have days when the atmosphere is 
very transparent to the eye, but on account of the presence of acoustic 
clouds very opaque to the ear. 


219. Resonance. — When sounds are reflected from a 
distance too small to produce a distinct echo, the effect is 
to strengthen the original sound. ‘This effect is called Reso- 
nance. 

It is the resonance from the walls of a room that makes it easier 
té speak in a closed apartinent than in the open air. The resonance 
is more clearly perceived when the walls are elastic. In rooms 
where there are carpets, curtains, stuffed furniture, and the like, the 
sound-waves are broken up, and the resonance is diminished ; but in 
houses where there is no furniture the resonance is strengthened. 
Hence it is that the sound of voices, footsteps, ete., is so strongly 
marked in deserted and unfurnished buildings, 


220. Refraction of Sound. — Sound may be refracted, 
or bent out of its course, when passing from one medium to 
another of different density. ‘This is shown in Fig. 158. 

B is a collodion or rubber balloon filled with carbonie acid 
gas. The envelope is so thin that the sound-waves are trans- 
initted to the gas inside. 

Let a watch, w, be hung near this gas-lens, B. Now place the 
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ear a few feet from the leus, at f; using a glass funnel, f’, to assist 
the ear. By moving the funnel about, a position is found where the 
ticking is louder than elsewhere. The sound-waves are bent from 
their course, and brought to a focus at f- 

The laws of retlected and refracted sound are the same as those of 
light, and will be treated under that subject. 


221. Intensity of Sound.— This quality depends upon 
the amplitude of the vibrations, that is, the space through which 
the molecules move to and fro. It varies very nearly as the 
square of the amplitude of vibration of the molecules of air. 

The intensity of sound diminishes as the square of the 
distance from the sonorous body increases; that is, the in- 


Fig. 158. 


tensity of sound varies inversely as the square of the distance from 
the sonorous body. 


The density of the air modifies sound. In rarefied air sounds are 
feeble, while in condensed air they are louder than in the ordinary 
atmosphere. The wind modifies sound. The velocity of sound is 
increased or diminished by the velocity of the wind, according as 
the direction of the wind conspires with or opposes the propagation. 
The effect of the wind is to move the whole mass of air, carrying 
_ along the sound-waves unaltered. . 

Sound is increased in intensity when the sonorous body is in con- 
tact with, or even in the neighborhood of another body capable of 
vibrating in unison with it. Hence the sound of a vibrating cord is 
reinforced or strengthened by stretching it over a thin box filled 
with air, as in the violin. In this case the air in the body of the 
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violin and the box vibrates in unison with the cord. The ancients 
placed in their theatres vessels of brass, to reinforce aud strengthen 
the voices of the actors. The tuning-fork is often mounted on a 
wooden case, open at one or both extremities. The sound of the 
vibrating fork is thus intensified. 


222. Intensity of Sound in Tubes. — When a sound is 
transmitted through a tube, the sound-waves cannot diverge 
laterally ; and, consequently, the sound is conveyed to a 
great distance without much loss of intensity. 

Bior was able to carry on a conversation in a low tone through 
a tube a thousand feet in length. He says the sound was transmitted 
so well that there was but one way to avoid being heard, and that 
was not to speak at all. This property of tubes is utilized in hotels 
and dwelling-houses, for transmitting messages from one story to 
another. The tubes employed for this purpose are called speaking- 
tubes. 

223. The Speaking-Trumpet. — The Speaking-Trum- 
pet, as its name implies, is a tin or brass tube, conical in 
shape, employed to transmit the voice to a great distance. 

The effect of the speaking-trumpet has been explained by sueces- 
sive reflections of sound-waves from the sonorous material of which 
the instrument is composed, by virtue of which the voice is trans- 
mitted only in the direction of the tube. 

But the fact is, that the sound transmitted is not merely stronger 
in direction of its axis, but in all directions. This would indicate 
that its effect should be attributed to a reinforcement of the voice by 
the vibration of the column of air contained in the trumpet in unison 
with it, according to the principle that sound is reinforced by an aux- 
iliary vibrating body. 


224. The Ear-Trumpet.— The Ear-Trumpet is em- 
ployed by persons whose hearing is defective. It is simply 
the speaking-trumpet reversed, although the principle is the 
same. It consists of a conical tube, turned Jin any con- 
venient direction, so that the smaller opening may enter the 
ear. 


It serves to colleet and concentrate the sound-waves, whieh are 
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thus enabled to produce a more powerful impression on the drum of 
the ear. The shape of the ear in man and in animals is such as to 
perform the function of the trumpet. 


Summary. — 

Production of Sound. 
Illustrated by a Stretched Cord. 

Sound- Waves nr Air. 
Propagation illustrated by Tuning-Fork and Bell. 

Combinations of Sound- Waves. 

Coincidence and Interference of Sound- Waves. 

* Illustrated by a Tuning-Fork. 

Sound increased by Coincidence of Sound-Waves. 
Sound destroyed by Interference of Sound- Waves. 


Examples. 
Beats. 
Definition. 


Illustrated by Tuning-Fork. 
Examples. 
Propagation of Sound. 
In the Air and in a Vacuum. 
In Liquids and Solids. 
Velocity of Sound in Arr. 
Examples to determine its Velocity. 
Effect of the Density and Elasticity on its Velocity. 
The Law of its Velocity. 
Velocity of Sound in Liquids. 
Experiment to determine the Velocity. 
Velocity of Sound in Solids. 
Greater in Dense and Elastic Bodies. 
Examples of its Velocity in different Solids. 
Reason for the Velocity of Sound through Liquids 
and Solids being greater than through Air. 
Reflection of Sound. 
Echoes. — How formed. 
Examples. 
Multiple Echoes. 
Sound wasted by Reflections. 
Acoustic Clouds. 
Explanations. 
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Reflection of Sound (continued). 

Effect of these Clouds on Sound. 

Resonance. 
Refraction of Sound. 

Illustrated with Balloon and Watch. 
Fntensity of Sownd. 

Law of Intensity. 

Modified by the Wind. 

Modified by Contact with a Sonorous Body. 
Intensity of Sound in Tubes. 

Speaking-Tube. 
Speaking- Trumpet. . 
Kar- Trumpet. 


SECTION II. —-MUSICAL SOUNDS. 


225. A Musical Sound results from a succession of 
vibrations at equal intervals and of suflicient rapidity. 


226. Noise results from a single impulse, or from a suc- 
cession of vibrations at irregular intervals. Thus, the crack 
of a whip, the discharge of a pistol, the rattling of thunder, 
the roar of the waves of the ocean, are destitute of musical 
value, and are simply noises. 

The difference between a musical sound and a noise can be 
illustrated by Savart’s Wheel (Fig. 159). ‘This consists of 
a heavy frame supporting two wheels, A and &, which are 
connected by a band, D. 

By turning the crank, M, the toothed wheel, B, can be made to 
revolve with great rapidity. If a ecard be held against the teeth, 
when in rapid motion, a very shrill musical tone is produced, which 
becoines less shrill as the speed slackens, until the separate taps of 
the teeth against the card are heard. 

We sce that when the taps recur with sufficient frequency, that is, 
more than 16 per second, so as to fori a continuous sound, the effect 
is musical. If the card strikes against the wheel less than 16 teeth 
per second, the separate taps only will be heard, but no musical tone 
will be reeognized, 
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We have at H an apparatus for indicating the number of revolu- 
tions of the toothed wheel. The card, being struck by each tooth, 
makes as many vibrations as there are teeth. Multiply the number 
of revolutions by the number of teeth in the wheel, and we have the 
total number of vibrations. Divide the product by the number of 
seconds, and we get the number of vibrations per second. 


227. Pitch of Sounds.— The Pitch of a musical sound 
depends upon the frequency of the vibrations. This was 
shown in Fig. 159. 


Fig. 159. 


The faster the wheel turns the more rapid are the vibrations of 
the card, and the shriller is the sound, or, in other words, the higher 
the pitch. The slower the wheel turns, the reverse is the case. 


228. Music.— Those sounds which result from very rapid 
vibrations are called acute, whilst those which arise from very 
slow vibrations are called grave. 

The intensity, or loudness, of musical sounds, as in the case of 
other sounds, depends on the amplitude of the vibrations. 


229. The Siren. — The Siren is an instrument used for 
producing musical tones, and at the same time determining 
the number of vibrations. 

It consists (Fig. 160) of a cylindrical box of brass, C; ¢ is 
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a tube opening into it from below, for the purpose of admit- 
ting air. The top of the cylinder is covered with a brass 


Fig. 160. 


plate, a4; this is perforated with four 
series of holes arranged in four con- 
centric circles, containing 8, 10, 12, 
and 16 apertures respectively ; de is 
a brass disk, also perforated with four 
series of holes, corresponding, in their 
general arrangement and distance from 
one another, with those in the plate, 
ab, below. 

Through the centre of this disk passes 
a steel axis whose ends, p and p’, are 
smoothly bevelled, p’ to fit into the 
socket, a, and p to receive a brass cap 
when the instrument is ready for use. 


The perforations do not pass perpen- 
dicularly through the plates, but slope in 
opposite directions, so that when air is 
foreed through the holes in the lower 
plate, it will impinge on one side of the 
holes in the upper plate, and thus blow it 
round in a definite direction. As it re- 


volves, the holes in ab are alternately opened and closed. The air 
coming into the cylinder through the tube, ¢, thus escapes through 


the aperture in its upper plate in a 
succession of puffs. The puffs come 
through slowly at first and ean be 
counted, but as the disk rotates faster 
and faster they unite their vibrations 
into a musical note, the pitch of which 
is higher in proportion to the increase 
of velocity. 

The revolutions of the disk are regis- 
tered by means of the apparatus shown 
in Fig. 161, On the upper part of the 


axis of the disk is an endless serew connecting with a pair of toothed 
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wheels. By pushing a, the recording apparatus is set in motion, and 
by pushing b the motion is stopped. 

In Fig. 162 are seen the graduated dial-plates on the front of 
the Siren. The indexes of each dial are connected with the clock- 
work just described. They move over the dials with the revolu- 
tions of the wheels, and register the revolutions. The stops, m, 1, 
0, p, are used to open or close the different series of orifices. 


230. Method of determining 
the Rapidity of the Vibrations 
of a Sonorous Body. — Let air 
be forced into the Siren by means 

.of bellows. Note carefully when 
the tone of the Siren blends with 
that of the sounding body, the 
number of whose vibrations we 
wish to ascertain. Suppose the 
outer series to be open, sixteen in 
number, allow the disk to vibrate 
one minute, then read from the 
dials the number of revolutions it 


has made. 


We will suppose the number to be 
1440, but for every revolution of the 
disk there were 16 puffs of air or 
sound-waves; therefore the whole 
number is found by multiplying 
1440 by 16, which gives a result of 
23,040. This number also represents the vibrations of the sound- 
ing body. Divide this result by 60, and we get 384, the number 
for one second. 

Musical tones are in unison when the ‘number of vibrations in a 
second is the same, 

If the inner series of holes should be opened, the tone produced 
would be an octave lower than that inade by the outer row, the 
vibrations being one half as many. Hence the octave of any tone is 
found by multiplying the vibrations of the tone by 2; if we double 
the vibrations of the octave, we get its octave, and so on. 


zX 
Fig. 162. 
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231. Length of the Sound-Wave. — The distance 
through which a sound-wave travels in one vibration of the 
sonorous body is the wave-length, and by knowing the velocity | 
of sound for any temperature the length of the sound-wave 
can be easily found. 
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Suppose the temperature is such as to give a velocity of 1120 feet | 
per second for the foremost wave. There are 384 sonorous waves. 
Dividing 1120 by 384, we find the length of each wave to be about 
3 feet. If the number of waves be 512, the wave-length would be 
2 feet 2 inches. Therefore the higher tones are produced by the 
shorter waves; the grave, or lower ones, by the longer. 

The ordinary pitch of a woman’s voice is considered to be an 
octave above a man’s in the lower sounds of conversation; in the 
higher, about two octaves. The sound-waves generated by a man’s 
vocal organs in ordinary conversation are from 8 to 12 feet, those of 
a woman 2 to 4. The human ear is limited in its’ range of hearing 
musical sounds. Helmholtz has fixed the lower limit at 16 vibra- 
tions, and the higher at 38,000, per second. 


Summary.— 
Musical Sounds. 
Difference between a Musical Sound and a Noise. 
Illustrated by Savart’s Wheel. 
Method of finding the Number of Vibrations per Second. 
Pitch of Musieal Sounds. 
Illustrated by Savart’s Wheel. 
Intensity of Musical Sounds. 
The Siren. 
Construction. 
Mode of Operation. 
Method of recording the Vibrations of a Sounding Body. 
Method of finding the Number of Vibrations per Second. 
Unison of Musical Tones. 
Rule for finding the Octave of any Tone. 
Length of Sound - Waves. 
Limit of the Human Ear in hearing Musical Sounds. 


232. Transverse Vibrations of Cords. — We have 
already seen (Art. 207) that when a stretched cord is drawn 
from its position of equilibrium and abandoned, it returns te 
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its position of rest by a succession of continually decreasing 
vibrations. 

Cords used in musical instruments are generally made of 
catgut or of twisted wires. ‘They are made to vibrate by 
drawing a bow across them, as in the violin; by drawing 
them aside, as in the harp; or by percussion with little ham- 
mers, as in the piano. In all of these cases the vibrations 
are transversal, that is, the movements take place perpen- 
dicularly to the direction of the cord. 


The number of vibrations of a stretched cord in any given time, 
as in one second, for example, depends upon its length, its thickness, 
its tension, and its density. 
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Fig. 163. 


233. Investigation of the Laws of Vibrations. — For 
studying the vibrations of cords, an instrument called the 
Sonometer (Fig. 163) is used. In its present form it consists 
of a wooden box about four feet in length, upon which are 
mounted two fixed bridges, A and 5, and a movable one, D. 
On these bridges, two cords, CD and A B, fastened firmly 
at one end and passing over pulleys at the other end, are 
stretched by means of weights, P. 


The following are the laws that govern the number of vibrations 
of a cord in a fixed time : — 
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1. The tension being constant, the number of vibrations varies 
inversely as its length. 

If a given cord makes 18 vibrations per second, it will make 36 if 
its length be reduced to one half, 54 if its length be reduced to one 
third, and so on. This property is utilized in the violin. By apply- 
ing the finger, we virtually reduce the length of the vibrating portion 
at pleasure. 

2. The tension and length being the same, the number of vibra- 
tions varies inversely as its diameter. 

Small cords vibrate more rapidly than large ones, aud consequently 
render more acute sounds. <A cord of any given size makes twice as 
many vibrations as one of double the size. Other things being 
equal, the notes rendered differ by an octave. 

3. The length and size being the same, the number of vibrations 
varies as the square root of the tension. 

If a cord renders a given note, it will, if its tension be quadrupled, 
reuder a note an octave higher, and so on. This property is utilized 
in stringed instruinents by means of an apparatus for increasing or 
diminishing the tension at pleasure. 

4. Other things being equal, the number of vibrations varies 
inversely as the square root of the density. 


Dense cords render graver notes than those of less density. Small, 
light, and short cords, strongly stretched, yield acute notes. Large, 
dense, and long cords, not strongly stretched, yield grave notes. 


234. Verification of the Laws.— These laws can be 
verified as follows : — 

Let the cords be exactly alike and stretched by equal weights. 
If the bridge, D, be moved so as to render CD equal to one half of 
A B, the notes of the two cords will differ by an octave; that is, 
CD will vibrate twice as fast as A B. If CD be made equal to 
one third of A B, by moving the bridge, D, the former will vibrate 
three times as fast as the latter, and so on. This verifies the first 
law. 

To verify the second law, we remove the bridge, D, and use two 
cords, one of which is twice as large as the other. It will be found 
that the notes yielded will differ by an octave. Ifoue cord is three 
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times as large as the other, the latter will be found to vibrate three 
times as fast as the former. 

To verify the third law, let the two cords be alike, and stretch 
one by a weight four times as great as that employed to stretch the 
other. The notes will differ by an octave. If the stretching force in 


Fig. 164. 


one is nine times that in the other case, the former will vibrate three 
times as fast as the latter, and so on. 

To verify the fourth law, we make use of cords equal in length, 
size, and equally stretched, but of different densities. It will be 
found that the law is verified in every case. 


Fig. 165. 

235. The Formation of Nodes. — In the Sonometer 
the cord is shortened by means of a movable bridge which 
holds it firmly. If, instead, we place a feather on the centre 
of the cord (Fig. 164), and draw a bow across one half of it, 
we shall get the octave of the tone given by the whole string. 


190 ACOUSTICS. 


We can prove that each part vibrates by itself if we place a little 
paper rider on the centre of one half the string, and then draw the 
bow across the other half, keeping the feather meanwhile on the 
middle of the whole string. The rider will be thrown off by 
the vibrations of the part on which it is placed. 

Hold the feather one third the distance froin the end of the wire 
(Fig. 165), and place a blue rider on the ceutre of the larger division 
and a red one on the middle of each half of this division. Draw the 
bow over the shorter seginent. The red riders will be thrown off, 
but the blue one will remain; showing that the larger division 
vibrates in two equal segmeuts, which are separated from each other 
by a stationary point called a node. 

If the feather be removed, the entire string will continue to vibrate 
in these equal divisions with the nodes between them. In the same 
way a wire may be divided into four, five, six, or any number of 
vibrating parts, separated by nodes. Jn fact, it is inipossible to 
sound the whole cord without at the same time producing, in a 
greater or less degree, the vibrations of its aliquot parts. 


236. Melde’s Vibrations of a String. — A simple de- 
vice by Melde exhibits the vibrations of a string with great 
beauty and delicacy. One end of a silk string is attached to 
a screw fastened to one prong of a tuning-fork; the other 
end is wound about a peg some distance off. 

Tighten the string by turning the peg, until it vibrates as a 
whole, when the bow is drawn across the fork. The string at once 
expands into the form of a spindle whose gossainer threads present 
a beautiful appearance. Let the string be relaxed a little, and we 
have two vibrating segments ; relax still more, and we have three ; 
and if we continue the process, twenty and more may be obtained. 
The stationary nodes contrast finely with the oscillating seginents. 


237. Longitudinal Vibrations. — Strings or wires may 
also be made to vibrate longitudinally by rubbing them in 
the direction of their length with a bow or piece of chamois- 
leather covered with rosin. The sounds thus obtained are 
of much higher pitch than those produced by transversal 
vibration. The shorter the wire the more rapid the longitudinal 
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vibrations and the higher the pitch. ‘This is independent of the 
form or diameter of the sections. Rub one of the wires of the 
sonometer with resined leather in the direction of its length, 
and we have a musical sound. Move the bridge so as to 
divide the wire into two equal parts, rub one of the halves, 
and the octave of the whole wire is given. ‘This law holds 
true in regard to rods as well as wires. If we change the 
tension of the wire, the longitudinal vibrations are unaltered. 

A musical instrument 
to show the longitudinal 
vibrations has been con- 
structed (Fig. 166) some- 
thing like a harp in 
appearance, composed of 
wooden rods of different 
lengths fixed at one end, 
so that notes of different 
pitch are emitted. The 
rods are set in vibration 
by rubbing them with 
the resined fingers. 


If we grasp a long 
glass tube by its centre 
with one hand, and rub the upper half briskly 
with a wet cloth in the other hand, the longi- 
tudinal vibrations may be sufficient to shiver Fig. 167. 
the end farthest from the hand into ring-shaped fragments, as seen 
in Fig. 167. 
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238. Sympathetic Vibrations. —If a tuning-fork is 
made to vibrate, another fork of the same pitch anywhere in 
the vicinity will be thrown into vibrations also by the impact 
of the sound-waves in the air; if the forks are mounted on 
resonant boxes, the sound will be intensified by resonance 
and the effect be better. 

The sound-board of the violin vibrating with the strings, 
and, in fact, all cases of resonance are really instances of 
sympathetic vibration. If a tone is prolonged by the voice 
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near a piano, a wire of the same pitch as the tone will respond 
to it. If the pitch be changed, another wire will respond. 


Many examples might be brought forward to illustrate this topic. 
“Tf two clocks, for example, with pendulums of the same period of 
vibration, be placed against the same wall, and if one of the clocks 
be set going and the other not, the ticks of the moving clock, trans- 
mitted through the wall, will act upon its neighbor. The quiescent 
pendulum, moved by a single tick, swings through a very small are, 
but it returns to the limit of its swing just in time to receive another 
impulse. By continuance of this process the impulses so add them- 
selves together as finally to set the clock going. It is by this timing 
of impulses that a properly pitched voice can cause a glass to ring, 
and that the sound of an organ can break a particular window-pane.” 


Fig. 168, 


239. Vibration of Plates. — Fig. 168 represents a plate 
of metal supported at its centre. Sprinkle some fine, dry 
sand over it. Hold the thumb and finger on one edge of the 
plate, and draw the bow lightly across the opposite edge. 


The sand at once leaves the vibrating parts and accumulates on 
the nodal lines. These lines vary in number and position accord- 
ing to the form of the plates, their elasticity, the mode of exci- 
tation, and the number of vibrations. By touching the vibrating 
plate at different points, the position of the nodal lines may be deter- 
mined. In Fig. 169 may be seen some of the nodal forms obtained 
by CHLADNIL 
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Nodes may be formed in a similar way in bells, and all other 
sounding bodies, 


240. Overtones, or Harmonics. — It has been shown, 
by the experiments just given, that a stretched string vibrates 
as a whole, and at the same time in equal parts. The same 
may be said of any sounding body. ‘Tones of simple charac- 
ter cannot, therefore, be given out by vibrating bodies. 

When the body vibrates as a whole, the tone produced is called 
the fundamental. 'The higher tones are made by the vibration of 
the equal parts, and are called harmonics, or overtones. By pitch 
we also mean the fundamental sound. 
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241. Quality. — Timbre. — The mingling of the over- 
tones with the fundamental determines the guality or charac- 
ter of the sound, called by the French, t/mbére. 


g 


Thus we can understand why it is when different instruments, 
like the piano, the violin, or the flute, are giving the same funda- 
mental sound, that they have such different characteristics as to 
enable us instantly to identify them. The human voice is rich in 
overtones. The superiority of one singer over another is undoubtedly 
due, in a great measure, to a much finer mingling of the overtones 
with the fundamental tone. 
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242. Musical Scale. — Gamut. — The ear not only dis- 
tinguishes between given sounds, — which is most grave, and 
which is most acute, — but it also appreciates the relations 
between the number of vibrations corresponding to each. 
We cannot recognize whether for one sound the number of 
vibrations is precisely two, three, or four times as great as 
for another, but when the number of vibrations correspond- 
ing to two successive or simultaneous sounds have to each 
other a simple ratio, these sounds excite an agreeable impres- 
sion, which varies with the relation between the two sounds. 

From this principle there results a series of sounds charac- 
terized by relations which have their origin in the nature of 
our mental organization, and which constitute what is called 
a musical scale. 

The whole series of musical tones is divided into octaves, or 
groups of eight tones each. Each group constitutes what is called 
the gamut, or diatonic scale. 

The notes are named do, re, mi, fa, sol, la, st, do; but they are 
designated by the letters C, D, EL, F, G, A, B,C. In the table 
below is given the relative number of vibrations for each note, | 
denoting the number corresponding to C: — 

dE pee ees 
C D E F G A B C 

The relative lengths of strings required to produce the eight notes 
of the seale are expressed by the reciprocal of these quantities, as 
follows : — 

a ee, ee ee ell ke ae 
C D E F G A B C 

If we know the number of vibrations of C, we can find the 
others by multiplying those of C by the fractions placed over 
the other notes in the first table. Let 256 represent the 
vibrations of C, then the following numbers will denote the 
vibrations for each note : — 


256 288 R0 3414 384 426% 480 512 
C D E fF G A B C 
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There are really but seven notes in what is called the diatonic 
scale, the eighth note, C, being truly the first of seven other notes 
above, haying relations to one another similar to those of the notes 
below, and constituting another octave. 

The results obtained in these tables can be verified by the Siren 
and Sonometer. 


243. Intervals. — The interval between any two notes is 
called a musical interval. 

The numerical value of any interval is found by dividing 
the number of vibrations in a given tone by the number of 
vibrations in that preceding it. 

The intervals between consecutive notes, called seconds, is given 
in the following table : — 


CieD, Dial, Hit0 Pf, Kio G, (Gto A, Ato 6, Bio C. 
9 Ay) ahaw 9 a0) 9 16 
8 9 15 8 9 8 15 
If the interval comprise two, three, four, ete., seven notes, it is called 
a third, a fourth, a fifth, ete., an eighth or an octave; thus, the 
interval between C and F is a third, and is equal to ?; the interval 
from C to Fis a fourth, and is equal to $; the interval from any 
note to the next note of the same name is an octave, and is always 
equal to 2. 
In the following table is a summary of the results already given, 
for one octave of the diatonic scale, arranged on the musical staff : — 


= ——_9 —-0—-® ‘| 


Name of interval. Ist 2d 3d 4th Sth 6th 7th &th 
Syllable .. . Do Re Mi Fa Sol La S Do 


Names bylettes’. C D H F G A B @ 
Relative ae 5 ae 


or 


9 
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1 oe 8s Fat 
of vibrations 8 4 3 2 3 8 


of vibrations 
Seale of intervals 


Absolute See 256 288 320 3414 384 4262 480 512 
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244. Melody. — A number of tones of like quality, 
varying more or less in pitch, following one another with 
regularity, is called a melody. 


The air in a piece of music is an example of melody. 


245. Chords. — Harmony. — Discord. — When two or 
more sounds are produced at the same time, having agreeable 
relations to one another, we have a chord. 

A succession of chords in melodious order constitutes 
harmony. 

The air, in music, with accompaniment, is an example of 
harmony. 

When these agreeable relations do not exist, we have discord, 

The simplest and most agreeable harmony occurs when the vibra- 
tions are equal in number; then comes the octave, in which the 
number of vibrations corresponding to one sound is double that 
corresponding to the other; then the fifth, in which the numbers 
are as 3 to 2; then the fourth, in which the numbers are as 4 to 3; 
and finally the third, in which the ratio is that of 5 to 4. 

The more frequent the coincidences between the vibrations, the 
greater the harmony. 


Summary. — 

Transverse Vibrations of Cords. 

Investigation of the Laws of Vibrations. 
Description of the Sonometer. 
Laws of Vibrations. 
Verification of the Laws. 

Formation of Nodes. 
Illustrated with the Sonometer. 
Position of Nodes on a String. 
Vibration of the String as a Whole or in Segments. 

Longitudinal Vibrations of Wires and Rods. 
Experiments. 

Vibration of Plates. 
Experiment with Plate and Sand. 
Chladni’s Nodal Forins. 

Overtones, or Harmonies. 
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Quality, or Timbre, of Sounds. 
+ Musical Scale. 

Names of Notes. 

Letters used in designating Notes. 

Relative number of Vibrations of each Note, in 
Tabulated Form. 

Relative length of Strings to give each Note, in 
Tabulated Form. 

Absolute number of Vibrations for each Note, in 
Tabulated Form. 

A Musical Interval. 

Tabulated results on the Musical Staff. 


Melody. — Harmony. — Discord. 


SECTION III. — OPTICAL STUDY OF SOUNDS. — MUSICAL INSTRUMENTS. 
— THE HUMAN VOICE AND EAR. — THE PHONOGRAPH. 


246. Optical Study of Sounds.—It has been shown 
in a previous article how the vibrations executed by a sono- 
rous body can be counted. The Siren and Savart’s Wheel 
are instruments used for this purpose. 

During the last few years physicists have studied carefully 
the vibratory motions of sounding bodies by means of the 
eye, and have thus been independent of the aid of the ear in 
determining the relationship of sounds. <A deaf person, by 
this optical method, can become skilful in judging of the 
character and pitch of sound-waves. 


247. Lissajous’ Representation of Vibrations. — One 
of the best methods of making vibrations apparent has been 
devised by M. Lissayous, a French physicist. He attaches a 
small metallic mirror to one prong of a tuning-fork, and to 
the other a counterpoise to. secure regularity of vibrations. 
A ray of light from a hole in a darkened chimney, a few 
yards distant, is made to strike this mirror, and from this it 
is reflected to another mirror, which sends it to an achromatic, 
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convergent lens; this lens is so placed as to project the 
images on a screen. - 

Wheu the fork is at rest, we have on the screen a luminous point, 
the image of the hole in the chimney ; when it vibrates the mirror 
vibrates with it, and the point moves up and down with such rapidity 
as to leave a line of light on the screen. If we rotate the fork while 
it is vibrating, we get instead of the straight line a bright sinuous 
one. The position of the parts is shown in Fig. 170, except that 
the fixed mirror takes the place of the vertical tuning-fork. 


248. Vibratory Motions at Right Angles.—If we 
use two forks, one horizontal and the other vertical, both 
provided with mirrors and arranged as in Fig. 170, we shall 
have thrown on the screen a variety of images. 


Fig. 170. 


If the vertical fork vibrates, we perceive a luminous line in a ver- 
tical direction; if the horizontal one vibrates, while the vertical fork 
is at rest, the luminous line is horizontal. 

If both forks vibrate at the same time, the two movements at 
right angles will combine and produce a luminous curve, the form of 
which will depend upon the number of vibrations of the two forks 
in a given time. The arrows show the direction of the ray of light 
in its passage to the sereen. Some varieties of curve are Fepre- 
sented in Fig. 171. 

By the aid of these principles, tuning-forks can be compared with 
a standard fork with greater precision than would be the case with 
the most susceptible ear. 
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Lissasous’ figures can also be produced by means of the vibra- 
tions of a pendulum in a slower and easier way than by means of 


the tuning-fork. 


249. Kaleidophone.— The optical study of vibrating 
rods can be made by means of an apparatus called the kaler- 
dophone. ‘This can be constructed by a very simple process. 
Insert, with the aid of an awl, a knitting-needle with a glass 
bead on the end, firmly in an inch board several inches 


square. Place the board on a table, and hold it tightly with 
the hand while the needle vibrates. 

Allow the light of a lamp to fall upon the bead when still, 
we have a small spot on the screen intensely illuminated ; 
now cause the needle to vibrate, and the spot will be drawn 
out into a brilliant line which will change into a circle; and 
thus the character of the vibrations is shown. 


250. Koenig’s Manometric Flames. — Other ingenious 
instruments have been constructed for illustrating the optical 
method, The apparatus of Kognre transmits the movements 
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of the sound-waves to gas-flames, and these, by their pulsa- 
tions, show the nature of the sound. 

We have, in Fig. 172, a metal capsule, A, in section. This is 
divided into two compartments by a membrane of gold-beater’s skin 
or thin rubber. Immediately below the section, A, is seen the cap- 
sule supported on a stand; on the right is the gas-jet, below it the 
tube for conveying the gas to the compartment at the right of the 
membrane; on the left is the tube for the sound-waves to reach 
the membrane. ‘To this may be attached a rubber tube, which can 
terminate in a mouth-piece or be connected with an organ-pipe. 


Fig. 172. 


When the sound-waves enter the mouth-piece and tube, the thin 
membrane is set vibrating. The gas, while passing through the 
compartment at the left, is caused to vibrate in a corresponding way, 
and thus the flame itself is shaken up and down. 

The changes in the length of the flame are searcely perceptible 
when it is observed directly. But to make them distinetly visible 
they may be received on a mirror, M, with four faces. This is made 
to revolve by means of two cog-wheels and a handle. 

While the flame burns steadily there appears in the mirror, when 
turned, a continuous band of light. But if the fundamental note is 
sounded in the tube on the left of the capsule, the image of the flame 
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takes the form represented in Fig. 173. If the octave be sounded, 
the image of the flame takes the form seen in Fig. 174. 

Many varieties of forms can be produced when several sounds of 
different intensities enter the tube simultaneously. 

These flames just described are called manometric flames. The 
succession of separate images of the flames, which we see on turn- 
ing the mirror, is due to the fact that the image of an object 
remains on the retina for a little time after the object itself has 


been removed. 


Fig. 173. 
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251. Stringed Instruments. — All stringed instruments 
of music are constructed in accordance with the preceding 
laws. ‘They are divided into instruments with fixed sounds, 
and instruments with variable sounds. 

To the former class belong the piano, the harp, etc. They 
have a cord for each note, or else an arrangement is made 
so that by placing the finger at certain points, as in the 
guitar, the same cord may be made to render several notes 
in succession. 

To the latter class belong the violin, the violoncello, ete. 
They are provided with cords of catgut, or sometimes of 
metal, put in vibration by a bow. Various arrangements 
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are made for regulating the notes, such as. increasing the 
tension, placing the finger upon the cords, and the like. 
These instruments are difficult to play upon, and require 
great nicety of ear, but in the hands of skilful players they 
possess great power. They are the soul of the orchestra, 
and it is for them that the finest pieces of music have been 
composed. 


252. Sound from Pipes.— When the air in a pipe, or 
hollow tube, is put into vibration, it yields a sound. In this 
case it is the air which is the sonorous body, the nature of 
the sound depending upon the form of the pipe and the 
manner in which the vibrations of its contained air are pro- 
duced. 

To produce a sound from a pipe, the contained air must be thrown 
into a succession of rapid condensations and rarefactions, which is 
effected by introducing a current of air through a suitable mouth- 
piece. Two principal forms are given to the mouth-piece, in one of 
which the parts remain fixed, and in the other there is a movable 
tongue, called a reed. 


253. Pipes with fixed Mouth-pieces. — Pipes with 
fixed mouth-pieces are of wood or metal, rectangular or 
cylindrical, and always of considerable length compared with 
their cross section. To this class belong the flute, the organ — 
pipe, and the like. Some of the forms given to pipes of this 
class are shown in Figs. 175-179. 

Fig. 175 represents a rectangular pipe of wood, and Fig. 176 
shows the form of its longitudinal section, 2 represents the tube 
through which air is foreed into it. The air passes through a nar- 
row opening, 7, called the vent. Opposite the vent is an opening in 
the side of the pipe, ealled the mouth. The upper border, a, of the 
mouth is bevelled, and is called the upper lip; the lower border is 
not bevelled, and is called the lower lip. 

The current of air forced through the vent strikes against the 
upper lip, is conipressed, and by its elasticity, reacts upon the enter- 
ing current, and for au instant arrests it. This stoppage is only for 
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an instant, for the compressed air finds an outlet through the mouth, 
again permitting the flow. No sooner has the flow commenced 
than it is a second time arrested as before, again to be resumed, 
and so on. 

This continued arrest and release of the current gives rise to a 
succession of vibrations, which are propagated through the tube, 
causing alternate and rapid condensations and rarefactions, which 


Fig. 175. Fig. 176. Fig. 177. Fig. 178. —-Fig. 179. 


result in a continuous sound. The vibrations are the more rapid as 
the current introduced is stronger, and as the upper lip approaches 
nearer the vent. 


Fig. 177 represents a second form of organ pipe, which is 
shown in section in Fig. 178. This is but a modification 
of the pipe already explained. The letters indicate the same 
parts as in the preceding figures. 


= 


An open organ-pipe yields a note an octave higher than that of a 
closed pipe of the same length. When a stopped organ-pipe sounds 
its fundamental note, the column of air is undivided by any node ; but 
the closed end will always be a node, because the air particles at that 
part are necessarily at rest. When an open pipe sounds its funda- 
mental note, the column is divided by a node at its centre. The 
open pipe really consists of two stopped pipes with a common base. 

The existence of nodes and vibrating segments within an organ 
pipe may be shown by lowering into the pipe a thin membrane 
stretched over a frame, with some fine, dry sand sprinkled on its 
surface. The front of the pipe is of glass, so that we can see any 
body in it. When the sand is in a segment it will be agitated, but 
when it is in a node it will remain at rest. 

If a node is connected with KoENIG’s capsule, the flame is more 
violently agitated than when a segment is joined. This is owing to 
the continual change in the density of the air taking place at the 
node, while at a segment the density is not sensibly changed, although 
the air is in a state of vibration. 

Fig. 179 represents the form of the mouth-piece of the flageolet, 
and it will be seen that it bears a close resemblance to the pipes 
already explained. In the flute, an opening is made in the side of 
the pipe, which changes the length of the segments of the columns 
of air that are vibrating, and thus determines the pitch of the tone. 
The arrest and flow of the current are effected by the arrangement 
of the lips of the player. 
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254. Reed Pipes. — In Reep Pires the mouth-piece is 
provided with a vibrating tongue, called a reed, by means of 
which the air is put in vibration. To this class belong the 
clarinet, the hautboy, and the like. The reed may be so 
arranged as to beat against the sides of the opening, or it 
may play freely through the opening in the tube. 

Figs. 180 and 181 show the arrangement of a reed of the first kind, 
A piece of metal, a, shaped like a spoon, is fitted with an elastic 
tongue, /, which can completely close the opening. <A piece of 
metal, 7, which may be elevated or depressed by a rod, b, serves 
to lengthen or shorten the vibrating part of the reed. This arrange- 
ment enables us to diminish or increase the rapidity of vibration at 
pleasure. 


—— 
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The mouth-piece, as described, connects with the tube, 7’, and is 
set in a rectangular box, AN, which is in communication with a 
bellows, from which the wind is supplied. For the purpose of class 
demonstration, the upper part of the tube, KN, bas glass windows 
on three sides to show the motion of the reed. 

When a current of air is forced into the tube, KN, the reed is set 
in rapid vibration, causing a succession of rarefactions and conden- 
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gations in the air of the pipe, 7, and causing it toemit a sound. The 
air entering the tube, KN, first closes the opening by pressing the 
reed against it; the reed then recoils by virtue of its elasticity, per- 
mitting a portion of condensed air to enter the pipe, when the reed 
is again pl ‘essed against the opening, and so on as long as the current 
of air is kept up. It is evident that the rapidity of vibration will be 
increased by increasing the tension of the air from the bellows, and 
also by shortening the vibrating part of the reed. 
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Fig. 182 shows the arrangement of the free reed. The vibrating 
plate, J, is placed so as to pass backwards through an opening in the 
side of the tube, ¢a, alternately closing and opening a communication 
between the tube and the air from the bellows. ‘The regulator, 7, is 
entirely similar to that shown in Figs. 180 and 181, as are the remain- 
ing parts of the arrangement. The explanation of the action of this 
species of reed is entirely similar to that already described. 


255. Wind Instruments. 
—Winp Instruments of music 
consist of pipes, either straight 
or curved, which are made to 
sound by a current of air prop- 
erly directed. 


Fig. 183. 


In some, the current of air is 
directed by the mouth upon an 
opening made in the side, as in 
the flute. In others, the current 
of air is made to enter through a 
mouth-piece, as in the flageolet. 
In others, a reed is used, as in 
the clarinet. In the organ there 
is a collection of tubes, similar to 
those shown in Figs. 175 and 
177. In some instruments, as 
the trumpet and the horn, a 
conical mouth-piece is used, of 
the form shown in Fig. 183, 
within which the lips of the mu- 
sician vibrate in place of the 
reed. The rapidity of vibration 
can be regulated at will. 


256. Sounding Flames. — 
When a gas-flame is enclosed in 
a tube, open at both ends, the 
passage of the air over it is gen- 
erally sufficient to produce the 


- — 


THE HUMAN VOICE. 207 


necessary rhythmic action, and to cause it to give out a 
musical tone. Fig. 184 represents such a tube firmly held in 
position by clamps, which are fastened by screws to a stand. 

By means of the paper slider, s, the tube may be lengthened or 
shortened. While the flame is sounding, raise the slider, and the 
pitch falls; lower it, and the pitch rises. 

By sounding the same note with the voice or any musical instru- 
ment, the singing of the flame may be interrupted, or caused to cease 
eutirely ; or, when silent, to begin again. 


257. Sensitive Flames. — Flames are affected by sound- 
waves from musical tones even when not enclosed in tubes. 
The action of musical sounds upon such flames is shown by 
the vibrations of the gas-lights in unison with certain pul- 
sations of the music at some instrumental concert. This 
phenomenon does not take place unless the pressure of gas is 
sufficiently great to keep the flames on the verge of flaring. 

A long flame may be shortened and a short one lengthened by 
sonorous vibrations. Suppose we have a long smoky flame and a 
short, forked, and bright one, both on the point of faring, and 
both issuing from a very small orifice, like a pin-hole in a tube. 
On sounding a whistle, their sensitiveness to the sound vibrations 
is at onee apparent. The long flame becomes short, forked, and 
brilliant; and the forked, long and smoky. <A flame may be short- 
ened half its length by striking two pieces of wood or iron together. 


258. The Human Voice.— The most perfect reed in- 
strument is the human voice. Across the top of the trachea, 
or windpipe, are stretched two elastic bands, called vocal 
chords ; through the space between the chords the air passes 
in and out of the lungs. 

During speaking and singing the space between the chords is less 
than in ordinary breathing. The voice is produced by the air, 
which, driven from the lungs and striking against the chords, causes 
them to vibrate. The greater the tension of the chords the higher 


the pitch. 
The mouth, by its resonance, reinforces the sound given out by 
the vibrating chords. By changing its shape it can be made to 
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resound to the fundamental tone, or any of the overtones of the vocal 
chords. 


259. The Human Ear. —A section of the ear is seen 
in Fig. 185. It consists of the external ear, so formed as to 
enable it to catch the sound-waves. £& represents the auditory 
canal, about an inch in length. <A circular membrane, called 
the membrane of the tympanum, closes the lower end of it. 

The drum of the ear, or the tympanum, is the cavity behind this 
membrane. Beyond the drum is the labyrinth. It consists of a 


Fig. 185. 


small rounded chamber, A, called the vestibule; from it open three 
semicircular canals, D, and a spiral canal, 4, called the cochlea, from 
its resemblance to a snail-shell. 

Through these canals the auditory nerve is distributed. From the 
membrane of the tympanum to the membrane of the vestibule a 
chain of three bones is stretched, the hammer attached to the mem- 
brane of the tympanum, the anvil, and the stirrup connected with 
the membrane of the vestibule. The vibrations of the atmosphere 
strike against the membrane of the tympanum, and are conducted 
through the chain of bones to the second membrane, and thence, by 
the auditory nerve, to the brain. The Mustachian tube, G, admits 
air to the drum, and thus keeps the density within the same as the 


external air. . 
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260. The Phonograph. — The Phonograph is an in- 
strument, devised by Eprson, to register sound-vibrations 
and to reproduce them at any time when desired. 

It consists (Fig. 186) of a simple, small-sized iron cylinder, C, 
mounted upon a shaft, at one end of which is a crank, M, for turning 
it, the whole being supported by two iron uprights. In front of this 
cylinder is a movable arm that supports a mouth-piece, 1, of gutta- 
percha, on the under side of which is a disk of thin, elastic metal. 
Against the centre of the lower side of this disk, a fine steel point, 
rounded at the end, is held by a spring attached to the rim of the 
mouth-piece. An india-rubber cushion between the point and disk 
controls the vibrations of the spring. 

The cylinder is covered with a fine spiral groove running con- 
tinuously from end to end, the threads being about ;5 of an inch 
apart. It works on a serew, A A’, the thread of which is the same 


Fig. 186. 


as that on the cylinder. It is turned by the handle, M, the motion 
being regulated by a heavy fly-wheel. The position of the mouth- 
piece and its pressure against the tinfoil are adjusted by the arrange- 
ment, Lv m. 

In using the phonograph, a sheet of tinfoil is wrapped 
closely around the cylinder. The mouth-piece is then ad- 
justed against the left-hand end of the cylinder so closely, 
that when one speaks or sings into the mouth-piece, and at 
the same time turns the crank with a uniform motion, the 
disk is made to vibrate, and the steel point presses upon the 
tinfoil in the groove, leaving upon it a series of minute in- 
dentations. 

In order to reproduce the words, the cylinder is turned 
back so that the steel point may go over the indentations 
made by speaking into the mouth-piece. 
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On turning the crank again, the point is made to work along the 
indentations in the groove. This sets the disk vibrating, and the 
vibrations, being communicated to the ear, reproduce the sound. 

A funnel is generally inserted into the mouth-piece, to be used as 
an ear-piece when the sound is being reproduced. 

Speech which has been recorded on the tinfoil may be kept for an 
indefinite period. 


261. Energy of Sound Vibrations.— In order to make 
a body vibrate force must be applied to it. It then exhibits 
energy of motion, or kinetic energy, and this energy is trans- 
mitted to other bodies in its vicinity. 

If a bow be drawn across the wire of the Sonometer, the force 
thus applied causes it to vibrate with an energy which is propor- 
tional to the square of the amplitude of the vibrations. 

The vibrating body will come to rest when all its energy has beer 
imparted to the surrounding bodies. This conduction varies accord- 
ing to the nature of the substance in contact with it; some bodies 
conveying away the energy much quicker than others. 

If a tuning-fork is set vibrating, and the stem rested on a table, 
it will not vibrate so long as it would if the stem had been held 
between the thumb and finger. 


Summary. — 
Optical Study of Sounds. 
Lissajous’ Representation of Vibrations. 
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CHAPTER VII. 


HEAT. 
SECTION I. —-GENERAL PROPERTIES OF HEAT. 


262. Definition of Heat. — Heat is the physical 
agent that produces the sensation we call warmth; the 
term heat is also applied to the sensation itself. 


263. Nature of Heat. — We can regard heat as molecu- 
lar energy of motion, or molecular kinetic energy. ‘This motion 
consists of very rapid vibrations, or oscillations, of the mole- 
cules of a substance. Those bodies are hottest whose mole- 
cules vibrate with the greatest velocity and through the 
greatest amplitudes. 

The term cold is used as a convenient term to express diminution 
of heat, but not the entire absence of it, for no substance is supposed 
to be wholly devoid of heat, and hence the molecules of every body 
are presumed to be in continual motion at all times and under all 
circumstances. 

This energy of motion may be transmitted from one body to an- 
other through an elastic medium called ether, that pervades all 
matter and infinite space, in the same way that sound is transmitted 
through the air, that is, by means of waves. 

Heat, then, since it can pass from one body to another or be 
kept in a body for any time, is a measurable quantity. 

The emission, or caloric, theory supposes it to be a substance, a 
fluid destitute of weight, capable of passing from one body to another 
with great velocity. Its particles repel one another, and therefore 
oppose the attractive foree of cohesion. The entrance of this sub- 
stance into our bodies produces the sensation of warmth ; its egress, 
the sensation of cold. 
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This theory is now generally discarded in favor of the one already 
given, which is called the wndulatory, or wave theory. The latter 
affords a better explanation of the phenomena of heat, and at the 
same time serves to show the intimate relation between heat and 
light. 

We shall also see, further on, that heat may be transformed into 
something which is not a substance at all, namely, mechanical work. 


264. General Effects of Heat. — Heat may act on a 
body in three ways. One portion may be expended in pro- 
moting the warmth of the body, that is, by increasing the 
energy of motion of the vibrating molecules. A second 
portion acts as a repellent power, counteracting the force of 
cohesion and enlarging the amplitude of the molecular vibra- - 
tions. ‘This latter action causes an increase in the volume of 
the body, or completely alters the relative position of the 
molecules and produces a change of state; as when a solid 
is changed into a liquid, or a solid or liquid into a gas or 
vapor. 

These two effects may be classed under the head of ¢nternal 
work. 

The third portion is required to overcome the external 
pressure of the atmosphere, which must be forced back so 
that the body may expand. 

This may be called external work. 

When the body cools, the force of cohesion which was over- 
come by the repellent force of the heat, now reasserts its 
power and draws together the molecules. Hence we say that 
heat expands bodies, and cold contracts them. 


265. Expansion of Bodies by Heat. — All bodies are 
expanded by heat, but in very different degrees. Asa gen- 
eral rule, the most expansible bodies are gases, then liquids, 
and lastly solids. 

In solids, which have definite figures, we have three kinds of 
expansion, — linear expansion, that is, expansion in length ; sawper- 
ficial expansion, or expansion in two dimensions; evbical, or volume 


214 HEAT. 


expansion, that is, expansion in three dimensions. As a matter of 
fact, however, no one of these takes place without the other. As 
liquids and gases have no definite forms, expansion of volume is 
alone applicable to them. 


266. Expansion of Metals. —Fig. 187 represents the 
method of showing and measuring the linear expansion of the metals 
by means of an instrument called the pyrometer. A rod of metal, A, 
passes through two metallic supports, being made fast at one extrem- 
ity by a clamp-screw, B, and being free to expand at the other ex- 
tremity. The free end abuts against the short end, C, of a lever, 
the long end, D, of which plays in front of a graduated are. 


Fig. 187. 


When the rod is heated, by placing fire beneath it, as shown in 
the figure, the rod, A, expands, and the expansion is shown by the 
motion of the index, D. When the rod, A, is of steel, copper, silver, 
ete., the amount of expansion varies, as is shown by the different 
amounts of displacement of the index. Brass, for example, expands 
more, for the same amount of heat, than iron or steel. 

Fig. 188 shows the method of demonstrating that bodies undergo 
an expansion in volume when heated. A ring, A, is constructed 
so that a ball, B, passes freely through it when cold. If the ball be 
heated in a furnace, it will no longer pass through the ring; but if 
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allowed to cool, it again falls through the ring. The method of 


making the experiment is fully shown in the figure. 
< =, 


267. Unequal Expansion of Metals. — In Fig. 1¢9 
we have shown a simple contrivance for illustrating the unequal ex- 
pansion of different metals. Two bars of iron and brass are riveted 
together at different points along their whole length, forming one 


compound bar. 


When such a bar is heated, the brass expands more than the iron, 
and the bar curves, as represented in Fig. 189, in order to aceom- 
modate the inequality of length which thus results. When the bar 
has returned to its original temperature, it assumes its rectilinear 
form, to bend again in the opposite direction if it be afterwards sub- 
jected to cooling. The unequal expansion of different metals is also 
shown in the compensation pendulums, pages 58, 59. 


268. Expansion of Liquids and Gases. — Liquids and 
gases being more expansible than solids, their expansion is more 
easily shown by experiment. Tor liquids, we take a hollow glass 
sphere, terminating in a narrow tube, open at the top, and fill the 
globe and a portion of the stem with some fluid like mercury, as 
shown in Fig. 190. If heat be applied to the globe, the liquid will 
rise in the stem from a towards b, indicating an increase of volume; 
and if sufficient heat be applied, the liquid will fill the stem, and 
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will ultimately be converted into vapor. If the liquid is allowed 


Fig. 190. Fig. 191. 


Summary. — 
Definition of Heat. 
Nature of Heat. 


to cool, it again returns to its original 
volume. 

An analogous experiment shows the 
expansion of gases and vapors. <A 
bulb of glass is provided with a long 
and fine tube of the same material, 
which is bent twice upon itself, as 
shown in Fig. 191. An index of mer- 
cury is introduced into the stem in the 
following manner. The bulb is heated, 
and a portion of the air which it con- 
tains is driven out, when a drop of 
mercury is poured into the funnel, a. 
If the instrument is allowed to cool, the 
air in the bulb contracts, and the pres- 
sure of the atmosphere drives the drop 
of mereury along the tube to some 
position, m. 

The instrument having been pre- 
pared in this manner, if the bulb is held 
in the hand for a few minutes, the air 
becomes heated and expands, the ex- 
pansion being indicated by the index 
moving to some new position, asn. If 
allowed to cool, the index returns to m. 


The Undulatory, or Wave Theory of Heat. 

The Emission, or Caloric Theory of Heat. 
General Effects of Heat. 

Internal Work. 

External Work. 

Heat expands Bodies. 


Cold contraets Bodies. 


Expansion of Bodies by Heat. 


Expansion of Metals. 
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Expansion of Bodies by Heat (continued). 
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Unequal Expansion of Metals. 
Expansion of Liquids and Gases. 
Experiments. 


SECTION II. — TEMPERATURE. — THE THERMOMETER. 


269. Temperature. — The temperature of a body is that 
property that gives it the power, to a greater or less extent, 
of imparting sens7ble heat to other bodies. 

By the term sensible heat is meant that portion of heat that in- 
creases the warmnth of the body. 

When one body gives off sensible heat to another, the former is 
said to have a higher temperature than the latter, or to be warmer. 

The temperature of a body must not be confounded with the quan- 
tity of heat it possesses; a body may have a high temperature and 
yet have a very small quantity of heat, a low temperature and a 
large amount of heat. Quantity of heat will be treated of under the 
subject of Specific Heat. 


270. The Thermometer. — A THERMOMETER is an in- 
strument for measuring temperatures. 

Our bodily sensations cannot serve as a sure guide in 
measuring temperature. A body may seem hot and cold to 
the same person at the same time. If we place one hand 
into pulverized ice and the other into water at about 100° F., 
and, after allowing them to stay awhile in this position, 
plunge them simultaneously into water at 70°, the hand from 
the ice will feel warm, but the one from the hot water will 
experience a sensation of cold. 

We must have a more accurate and constant standard of 
reference, and this is found in the thermometer. 

The thermometer depends upon the principle that bodies expand 
when heated, and contract when cooled. Thermometers haye been 
constructed of a great variety of materials. For common purposes, 


218 HEAT. 


the mercurial thermometer is preferred, on account of the uniformity 
with which both mercury and glass expand when heated. 

It consists of a bulb of glass, at the upper extremity of which 
is a narrow tube of uniform bore, hermetically sealed at its upper 
end. The bulb and a part of the tube are filled with mercury, and 
the whole is attached to a frame on which is a seale for measuring 
the rise and fall of the inereury in the tube. 


271. Method of making a Thermome- 
ter. — A capillary tube of glass is provided, of 
uniform bore, upon one end of which a bulb is 
blown, and upon the other a funnel, as shown in 
Fig. 192. : 

The funnel is nearly filled with mereury, which is 
at first prevented from penetrating into the bulb by 
the resistance of the air and the smallness of the 
tube. The bulb is therefore heated, when the air 
within expands, and a portion escapes in bubbles 
through the mereury. On cooling, the pressure of 
the external atmosphere forees a quantity of mereury 
through the tube into the bulb. By repeating this 
operation a few times, the bulb and a portion of the 
tube are filled with mercury. 

The whole is then heated till the mereury boils, 
thus filling the tube, when the funnel is melted off 


and the tube hermetically sealed by means of a jet of 
flame urged by a blow-pipe. On cooling, the mer- 
enry descends to some point of the tube, as shown in 
Fig. 193, leaving a vacuum at the upper end. It 
only remains to graduate it, and attach a suitable 
Figs. 192, 193. scale. 


272. Method of Graduation. — Two points of the stem 
are first determined, the freezing and the boiling points. These are 
determined on the principle that the temperatures at which distilled 
water freezes and boils are always constant, that is, when these 
changes of state take place under equal atmospheric pressures. 

The instrument is first plunged into a bath of melting ice, as 
shown in Fig. 194, and is allowed to remain until it takes the tem- 
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perature of the mixture, say twenty or thirty minutes. <A slight 
scratch is then made on the stem at the upper surface of the mer- 
cury, and this constitutes the freezing-point. 

The instrument is next plunged into a bath of distilled water, in 
a state of ebullition, care being taken to surround it with steam by 
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Fig. 194. 


means of an apparatus lixe that shown in Fig. 195. After the mer- 
cury ceases to rise in the tube, which will be in a few minutes, the 
level of its upper surface is marked on the stem by a scratch, as 
before, and this constitutes the boiling-point. 

The space between the boiling and freezing points is then divided 
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into a certain number of equal parts, and the graduation is continued 
above and below as far as may be desired. These divisions may be 
seratched upon the glass with a diamond, or, as is usually done, 
they may be made on a strip of metal, which is attached to the 
frame. ‘The divisions are numbered according to the kind of scale 
adopted. 


273. Thermometric Scales. — Three principal scales 
are used: the Centigrade scale, in which the space between 
the freezing and boiling points is divided 
into 100 equal parts, called degrees ; Réau- 
murs scale, in which the same space is divided 
m : into 80 equal parts, called degrees ; and Fah- 
renheit’s scale, in which this space is divided 

into 180 equal parts, also called degrees. 

In the centigrade scale, the freezing- 
point is marked 0, and the degrees are 
numbered both up and down, the former 
numbers being considered positive, and 
designated by the sign +, whilst the latter 
are considered negative, and designated by 
the sign —. Of course the boiling point is 
marked 100°. 

The sigus -+ and — are used also in Réau- 

ayo = Oo mur’s and Fahrenheit’s thermometers to indicate 
degrees respectively above and below the zero 
point. 

In Réaumur’s seale, the freezing-point is 
marked 0, and the boiling-point 80°. The 
degrees below freezing are marked as in the 

H : zero point is taken 32° below the freezing- 
3 x point, and the divisions are numbered from 
Fig. 196. this point both up and down. ‘The boiling- 
point of distilled water is 212”. 


centigrade scale. 


In Fahrenheit’s scale, which is the one 
principally used in the United States, the 


\ 
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Fig. 196 represents the thermometric scales, with the freezing 
and boiling points indicated upon them. 

It is usual, in stating temperatures, to indicate the scale referred 
to by the initial letters F., C., R. 


274. Conversion of Centigrade and Réaumur’s De- 
grees into Fahrenheit’s. — A degree on the centigrade scale 
is equal to one and eight tenths of a degree on the Fahrenheit scale, 
and one on Réaumur’s seale is equal to two and a quarter on Fahren- 
heit’s. Hence, to convert the reading on a centigrade to an equiva- 
lent one on Fahrenheit’s scale, multiply it by 1.8 and add to the 
result 82°. Thus, a reading of 25° centigrade is equivalent to 25° 
1.8 + 32°, or 77° F. To convert a reading on Réaumur’s scale to 
an equivalent one on Fahrenheit’s, multiply by 23, and to the result 
add 32°. Thus, a reading of 24° Réaumur is equivalent to 24° x 
24 + 32°, or 86° F. 

By reversing the above processes, readings on Fahrenheit’s scale 
may be converted into equivalent ones on the centigrade or Réau- 
mur’s seale. 

The rules for the conversion of the three thermometric scales may 
be summed up in the following formule, in which F, C, and R 
denote equivalent temperatures expressed in degrees of the three 
scales : — 


F=2C+32=>?R-+ 8 (1) 
C= R= } (F — 22) (2) 
R=>4C=>, (F — 2) (3) 


275. Alcohol Thermometers. — An Atconot Tuerr- 
MOMETER is similar to a mercurial one in all respects, except 
that alcohol, tinged red, is used in place of the mercury. 


Because alcohol does not expand regularly with a regular increase 
of temperature, the alcohol thermometer has to be graduated by 
experiment, comparing it degree by degree with a standard mercurial 
thermometer. The degrees, in fact, increase in length as we ascend 
ou the scale. 

Au alcohol thermometer is more easily filled than a mercurial one, 
no funnel being required. ‘The bulb is heated until a portion of the 
contained air is driven off, and then the open end of the tube is 
plunged into a vessel of aleohol. As the air in the bulb cools, the 
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pressure of the external atmosphere forces a portion of aleohol up 
into the bulb. If this be boiled, the vapor of aleohol will expel the 
remainder of the air, and by dipping the open end of the tube into 
the alcohol once more, the bulb will be completely filled, when it 
again becomes cool. ‘The instrument is then treated like the mereu- 
rial thermometer. 


276. Relative Advantages of Mercurial and A\l- 
cohol Thermometers. — For ordinary purposes, the mereurial 
thermometer is to be preferred, on account of the uniformity with 
which the mercury expands with a uniform increase of temperature. 
But mereury congeals at 39° below 0 of the Fahrenheit scale, and 
where a lower temperature than this is to be observed, it becomes 
absolutely necessary to employ the spirit thermometer. In the 
severe cold of the polar regions, mercury often congeals, but no 
degree of cold has yet been obtained that will congeal absolute 
alcohol. 

For high temperatures, mereury only is capable of being used : 
this liquid does not boil till raised to 662° F., whilst alcohol boils at 
174° F. The latter liquid cannot therefore be used to observe 
temperatures higher than 174° F., nor can it be relied upon even for 
temperatures considerably lower than this. 

It is to be observed that iereury cannot be relied upon for tem- 
peratures lower than 32° below 0, on account of irregularities in its 
rate of contraction below that limit. 

Alcohol has also the disadvantage of being slower in its action 
than mereury, on account of its inferior conducting power. 


277. Rules for using a Thermometer. — Before not- 
ing the height of the mercurial column, the instrument should 
be allowed to acquire the temperature of the medium in which 
it is placed. This, in general, will require some minutes. 

In determining the temperature of a room, the thermometer 
should not be hung against the walls, but should be freely sus- 
pended, so as to take the temperature of the atmosphere. When 
hung against a wall, especially av outer wall, an error of several de- 
grees may result. In like manner, if hung against a wall containing 
a flue, or adjoining another room of different temperature, a similar 
error of several degrees might result. 
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To determine the temperature of the atmosphere, the thermome- 
ter should be freely suspended in the air, at some distance from any 
buildimg or tree. It should be sheltered from the direct action of the 
sun’s rays, as well as hom the influence of reflecting substances. 
Furthermore, it should be protected from winds and currents of 
air. 


278. The Differential Thermometers. — A Dirrer- 
ENTIAL THERMOMETER is a thermometer contrived to show 


i 
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the difference of temperature between two places near each 
other. The two principal forms of the differential thermome- 
ter are Rumrorp’s and Lestrie’s. 

They are based on the expansion of air, and are, therefore, air 
thermometers. These imstruments are not affected by the varying 
pressure of the atmosphere, as many air thermometers, and are, con- 
sequently, less inaccurate. 


279. Rumford’s Differential Thermometer. — Rum- 
FORD’s DirFERENTIAL THERMOMETER is represented in Fig. 
197, 
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It consists of two bulbs of thin glass, A and B, connected 
by a fine tube bent twice at right angles, as shown in the 
figure. The whole apparatus is attached to a suitable frame, 
which supports a scale parallel to the horizontal branch of 
the connecting tube. The 0 of the scale is at its middle 
point, and the graduation is continued from it in both direc- 
tions. The bulbs and a large part of the connecting tube are 
filled with air; there is, however, in the tube a small drop of 
fluid which separates the air in the two extremities. 

The instrument is so constructed that the index n is at the 0 of 
the scale when the temperature of the two bulbs is the same. When 
one of the bulbs is heated more than the other, the air in it expands 
and drives the index towards the other, until the tensions of the air 
in the two bulbs exactly balance each other. 

The seale is divided by experiment by the aid of a standard mer- 
curial thermometer. 

280. Leslie’s Differential Ther- 


mometer. — Lesiie’s DIrreRENTIAL 
THERMOMETER is shown in Fig. 198. 
It differs from Rumrorp’s in having 
the bulbs smaller, and in containing a 
longer column of liquid in the tube. 
The scales are placed by the sides of 
the vertical portions of the tube, hay- 
ing their 0 points at the middle. 
There is, then, a double scale. The 
method of graduating and using this 
thermometer is the same as that de- 
scribed in the last article. 


But of all instruments for deteeting and 


measuring slight differences of tempera- 


Fig. 198 


ture, the most delicate and aceurate is the 
thermo-electrie pile, which will be deseribed hereafter. 


281. Pyrometer. — A PyromeTer is an instrument for 
measuring higher temperatures than can be observed by 
means of the mercurial thermometer. 
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The most important pyrometers are those of WEDGEWOOD 
and Broeniarr. The former is founded on the diminution 
of the volume of clay at high temperatures, and the latter 
(Fig. 187) on the principle of the expansion of metals. The 
indications of these instruments are very untrustworthy, and 
they have gone substantially out of use. 

The arrangements now used for measuring the higher tempera- 
tures are based on the expansion of gases and vapors, or on the 
electrical properties of bodies. 


282. Absolute Zero of Temperature. — Since a gas 
expands for each degree centigrade 51. of its volume at 0°, 
it follows that at a temperature of 273°C. its volume is 
doubled, and that the amount of contraction when the tem- 
perature is reduced to — 273° would be equal to the initial 
volume. The gas then would be reduced to a mathematical 
point, and would cease to exist. 


This point on the centigrade scale is called the absolute zero of 
temperature, and temperatures reckoned from this point are called 
absolute temperatures. The lowest temperature that can thus be 
expressed is evidently — 273° C. or — 460° F. We can obtain 
absolute temperatures by adding 273 to the temperature on the 
centigrade scale, or 460 to that on the Fahrenheit. 

An absolute zero of heat has never yet been realized experimen- 
tally. Even if matter can exist without heat, which there is great 
reason to doubt, it is impossible to predict what would be its condi- 
tion under such circumstances. 

If the energy of motion, which we eall heat, should wholly cease 
exerting its power, and the molecules be brought into actual contaet, 
phenomena of a new and unexpected character would undoubtedly 
result. 

The greatest artificial cold produced up to the present time is 
— 140° C., or —220° F. The greatest natural cold recorded in 
Arctic expeditions is — 58.7° C., or — 73.66° F. 


15 
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SECTION III.— LAWS OF EXPANSION OF SOLIDS, LIQUIDS, AND 
GASES. 


283. Law of Expansion of Solids. — Numerous ex- 
periments have been made to determine the exact amount of 
expansion which bodies experience by the addition of a given 
amount of heat. As in a former article, it will be found con- 
venient to consider, first, near expansion, and afterwards, 


expansion in volume, 

1. Linear Expansion. —In order to compare the rate of 
linear expansion of different bodies, we take, for a term of 
comparison, the expansion experienced by a unit of length 
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of each body when heated from 32° F. to 33° F. This is 
called the coefficient of linear expansion. 

The coefficients of linear expansion for a great number of 
bodies were determined in the latter part of the last century 
by Lavorsrer and Laptace. They reduced the substance 
to be experimented upon to the form of a rod or bar, then 
exposed it for a sufficient time to the temperature of melting 
ice, and measured its exact length. They next exposed the 
bar to a temperature of boiling water, and again measured 
its length. The increased length, divided by 180, gave the 
increase in length of the whole bar for 1° F. This result, 
divided by the length of the bar at 32° F., gave the linear 
expansion of a unit of length, and for an increase of tempera- 
ture of 1° F°., that is, the coefficient of linear expansion. 

The following are some of the latest results : — 


Substance. acer | Substance. ene 
| Glass . . .] 0.00000474 | Brass . . .|  0.00001044 
Platinum .. 0.00000483 | Copper. . . 0.00000957 
SUGelye satan. 0.00000631 | fsullk@ie 5 0.00001068 
Tron. . . .| 0.00000665 | Lead. . . .| 0.00001565 
Gold. . . .| 0,00000800 | Zinc. . . .| 0.00001653 


From the above table, it is seen that the amount of expan- 
sion is always very small. 

2. Hxrpansion in Volume. — The coefficient of expansion in 
volume is the increment which a cubic unit of the substance 
experiences when its temperature is raised 1° F. This 
coeflicient may be determined experimentally, or it may be 
found by multiplying the coefficient of linear expansion by 
three. The superficial expansion of a solid is, of course, 
twice as great as the linear expansion. 


284. Applications. — The principle of expansion explains 
many familiar phenomena, some of which we will give. 
A cold tumbler is often broken when it is suddenly filled with hot 
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water. The explanation is siinple. Glass is a bad conductor of 
heat, hence the inside becomes heated by contact with the water 
more rapidly than the outside, and this inequality of heating produces 
an inequality of expansion that ruptures the glass. The thinner the 
glass, the less will be the inequality of expansion, and consequently 
the less will be the danger of rupture. In a metallic vessel such an 
accident is not to be apprehended, because metals are good conduc- 
tors, and but little, if any, inequality of expansion can arise. 

When a candle is held too near a pane of glass, the glass is 
often broken; the reason is the same as before. Sometimes a glass 
vessel is broken by suddenly opening a door or window. This 
is due to a current of cold air, which, falling upon the outer 
surface of the glass, causes an inequality of contraction that 
may produce rupture. All articles of. glass should be guarded 
from sudden changes of temperature, if we would avoid risk of 
breakage. 

In the art of engineering, it is important to take into account the 
expansion and contraction of the metals. In Jaying the track of a 
railroad, for example, the rails should not be laid so as to touch each 
other, otherwise in warm weather the expansion, acting through a 
long line, might produce a foree sufficient either to bend the rails or 
to tear them from their fastenings. In employing iron ties in build- 
ing, arrangements should be made by means of nuts and screws to 
tighten them in warm weather, and loosen them in cold weather, 
otherwise the forces of coutraetion and expansion would weaken and 
eventually destroy the building. Very serious accidents have oc- 
curred from omitting this precaution. 

The principle of expansion and contraction of metals has been 
utilized in bringing the walls of a building together after they have 
commenced to separate. A system of iron ties is formed, passing 
through the opposite walls, on the outside of which they are seeured 
by nuts. The alternate rods being heated, they expand, and the 
nuts are serewed up close to the walls. On eooling, the foree of con- 
traction brings the walls nearer together. The remaining rods are 
next heated, and the nuts screwed up. On cooling, a further con- 
traction takes place, and so on until the walls are restored to their 
proper position. ‘This method was suecessfully employed to restore 
the walls of a portion of the Conservatoire des Arts et Metiers, in 
Paris, which had begua to separate. 


——— 
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There are some apparent exceptions to the law that heat expands 
bodies and cold contracts them. Thus, bodies capable of absorbing 
water, like paper, wood, clay, and the like, contract on being heated. 
This contraction is only apparent; it arises from the water which 
they contain being vaporized and driven off, which produces an 
apparent diminution of volume; after they are thoroughly dried, 
they follow the general law, with the exception of clay. This 
contracts permanently, by reason of chemical changes among its 
particles. 

The property just explained is used for bending absorbent bodies. 
To effect this they are heated on one side only, which drives out the 
water from that side, and causes them to bend in that direction. It 
is this principle that causes wooden articles to warp, and therefore 
‘demands that articles of furniture and wooden parts of buildings be 
coated with oils, paints, or varnishes, to prevent the absorption of 
water. 

The principle of expansion and contraction is often utilized in the 
arts. A familiar example is the process of setting the tire of a 
wagon-wheel. The tire is made a little smaller than the outer 
periphery of the wooden part of the wheel. It is then heated, and 
placed around the wheel; on cooling, it contracts powerfully, and 
draws the felloes firmly together. 


285. Law of Expansion of Liquids. — Liquids are 
much more expansible than solids, on account of their 
feeble cohesion ; their expansion is also much more irregular, 
especially when their temperature approaches the boiling- 
point. 

The expansion of a liquid may be absolute or relative. The 
absolute expansion of a liquid is its actual increase of vol- 
ume; the relative expansion is its increase of volume with 
respect to the containing vessel. For example, in a ther- 
mometer the rise of the liquid in the stem is due to its rela- 
tive expansion with respect to that of the stem. Both 
expand, but the liquid more rapidly than the glass. The 
capacity of the bulb increases with an increase of heat, but 
the volume of its contained mercury increases more rapidly, 
and therefore rises in the stem. The absolute is usually 
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greater than the relative expansion. It is the relative expan- 
sion that we generally observe. 
The coefficient of expansion of a liquid is the expansion of a unit 
of volume, corresponding to an increase of temperature of one degree. 
Taken with reference to glass, the coefficient of expansion for 
mercury is 0.000833 ; that of water is three times as great, and that 
of alcohol nearly eight times as great as that of inereury. 


286. Maximum Density of Water. — If water is 
cooled down gradually, its volume continues to contract 
until it reaches the temperature of 39.2° F., or 4° C., when 
it attains its maximum density. If it be still further cooled, 
it begins to expand, and at 32° F., or 0° C., it becomes solid, 
or freezes. 

This curious phenomenon may be shown by using a water ther- 
mometer in connection with a mercurial one. As the temperature is 
diminished, the liquids descend in 
the stems of both thermometers 
until the mercurial one shows 
30.2° F., after which, if the eool- 
ing process be continued, the mer- 


eury will continue to fall, whilst 


OLS 


1 the water will begin to rise. 
ij The maximum density of 
| il water can be determined more 
on accurately by another method, 
We have represented in Fig. 
199 a glass jar having two 
lateral openings, one near the 
top, and the other near the 
=— bottom. Into these apertures 
~ are inserted two thermome- 
Fig. 199. ters. The jar is filled with 
water, and a freezing mixture placed around its central part. 
If the freezing mixture remains long enough about the jar, 
we shall have the following results. 


The lower thermometer falls to 4° C., or 380.2° F., and remains at 
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that point. The upper one at first changes very little, but when 
it reaches the fixed temperature, it begins to fall until it sinks to 
the freezing-point, when the water at the surface freezes. The 
reason is this: as the water in the centre grows colder its den- 
sity increases, and it falls to the bottom. ‘This process goes on 
until all the water in the lower part of the vessel has reached the 
temperature of 39.2° F. 

When this portion of the water has this temperature, circulation in 
it ceases, until needles of ice are formed, which, being lighter, rise to 
the surface and start up a new circulation, which causes the water to 
freeze at the surface, while that near the bottom remains at 39.2°. 

This experiment, proves that water is heavier at 39.2° than at 32°, 
since it sinks to the lower part of the vessel. 

This apparent exception to the law of expansion and con- 
traction is explained from the fact that at the temperature 
of 39.2° F. the particles begin to arrange themselves in a 
new order, preparatory to taking a crystalline form. Some 
other substances, such as melted iron, sulphur, bismuth, etc., 
exhibit a similar expansion of volume immediately previous 
to taking a solid crystalline form. It is this property of 
expanding at the time of crystallization that renders iron so 
valuable a metal for casting. ‘The expansion of the metal 
acts to fill the mould, thus giving sharpness and accuracy to 


the casting. 

The fact that water has its greatest density at 39.2° F. causes 
ice to form at the surface instead of at the bottom of rivers and lakes. 
Were it not that ice is lighter than water, it would sink to the 
bottom as fast as formed, or rather would form at the bottom, and in 
the colder regions of the globe would soon convert entire lakes into 
solid masses of ice. As ice and water are bad conductors of heat, 
the summer sun would not possess the power to convert them again 
into water. 

In Switzerland it is found by experiment that the temperature 
of the water at the bottom of deep and snow-fed lakes remains 
during the entire year at the uniform temperature of 39.2° F., 
although the surface is frozen in winter, and in summer rises to 
fo or oO” FE. 

It is because water has its maximum deusity at 39.2° F., that it 
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is taken at this temperature, as the standard of comparison for deter- 
inining the specific gravity of bodies. 


287. Law of Expansion of Gases. — Gases are not 
only more expansible than solids and liquids, but they also 
expand more uniformly. 

The coefficient of expansion of a gas is the expansion which 
a unit of volume experiences when its temperature is increased 
one degree. 

Gay-Lussac supposed that all gases expand equally for 
equal increments of temperature; but more recent investi- 
gations show that the coeflicients of expansion are slightly 
different for different gases. This difference is, however, so 
small that for all practical purposes we may regard all gases 
as having the same coefficient. ‘The value of the coefficient 
of expansion for gases is 0.00204, which is about eight times 
that of water. 


288. Applications. — The law of expansion of gases, when 
heated, has many important applications, some of which will be 
explained. 

When the air of a room becomes warmed and vitiated by the pres- 
ence of a number of persons, it expands and becomes lighter than 
the external air; hence it rises to the top of the room, and its place 
is supplied by fresh air from without, which enters through the 


cracks of the doors, or through apertures constructed for the purpose. . 

Openings should be made at the upper part of the room to permit the 

foul air to eseape. Such is the theory of ventilation of rooms. | 
In large buildings, like theatres, the spectators in the upper gal- | 

leries often experience great inconvenience from the hot and corrupt | 

air arising from below. To remedy this evil, large openings, called 

ventilators, should be construeted in the ceiling, and corresponding ; 


openings shonld be arranged near the bottom of the building to supply 
a sufficient quantity of fresh air to keep up the circulation. 

The principle of expansion gives a draught to our chimneys. The 
hot air ascends through the flue, and its place is supplied by a con- 
tinued current of cold air from below, which keeps up the combustion 
in the fireplace or grate. 
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The same principle is applied in warming buildings by means of 
furnaces. Furnaces are placed in the lowest story of the building, 
and are provided with air-chambers, which communicate with the 
external air by means of air-pipes. When the air becomes heated 
in the air-chamber, it rises through pipes, or flues in the walls, to 
the upper stories of the building, and is admitted to or excluded from 
the different apartments by valves, called registers. 

The principle of expansion of air explains many meteorological 
phenomena. When the air in any locality becomes heated by the 
rays of the sun, it rises, and its place is supplied by colder air from 
the neighboring regions, thus producing the phenomena of winds. 
The cireulation of the atmosphere in the form of winds tends to 
equalize the temperature, and also, by transporting clouds and vapors, 
tends to equalize the distribution of water over the globe. 

Winds also serve to remove the vitiated air of cities, replacing it 
by the pure air of the neighboring places, thus contributing to the 
preservation of life and health. Winds also act to propel vessels 
on the ocean, thus contributing to the spread of commerce and 
civilization. 

Without winds, our cities would become centres of infection, the 
clouds would remain motionless over the localities where they were 
formed, the greater portion of the earth would become arid and desert, 
without rivers or streams to water them, and the whole earth would 
soon become uninhabitable. 


289. Density of Gases. — The density of a gas depends 
upon the pressure to which it is subjected, and also upon its 
temperature. 

It is for this reason that we select as a term of comparison 
the density at some particular pressure and temperature. 
The standard pressure is that of the atmosphere when the 
barometer stands at 30 inches, and the standard temperature 
is 82° F., or the freezing-point of water. To determine 
the density at any other pressure, we apply Marzorre’s 
law ; to determine it at any other temperature, we apply the 
coefficient of expansion, as explained in preceding articles. 

Suppose it were required to determine the density of air when the 
barometer indicates 20 inches, and the thermometer 62° F., the 
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density being equal to 1 at the standard temperature and pressure. 
The pressure being only two thirds the standard pressure, the air in 
the case considered would occupy once and a half its primitive 
volume, supposing the temperature to remain at 32° F. But the 
temperature being 62° F., or 30° above the standard, we multiply 
1.5 by 30 times 0.00204 for the expansion. This product, added to 
1.5, gives for a result 1.5918. That is, a unit of volume at the 
standard pressure and temperature becomes 1.5918 units of volume 
at the given pressure and temperature. Because the density varies 
inversely as the volume, we shall have for the required density 
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portant gases, air being taken as a standard : — 


The following table exhibits the density of some of the most im- 


Gas, Density. 1 Gas. | Density. 
aie i“ 
a 
7: | Se 1.0000 | Oxygen. . 1.1056 
-Hydrogen .. 0.0692 ‘| Carbonic acid . 1.5290 
Nitrogen. . 0.9714 | 


Hydrogen is the lightest known body, its density being fourteen 


and a half times less than that of air. 
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SECTION IV. — DIFFUSION OF HEAT. 


290. Methods of Diffusion. —There are three methods 
of diffusing heat, — Radiation, Conduction, and Convection. 
We shall find in another article that diffusion of heat inva- 
riably transfers heat from a hotter body to a colder one, 
so as to cool the hotter and warm the colder. The three 
methods will now be considered in the order named. 


291. Radiation of Heat. — The ethereal medium that 
transmits heat extends through space, and is almost per- 
fectly elastic. It penetrates all bodies and occupies the 
intervals between their molecules. The heat vibrations of 
bodies are thus imparted to the surrounding ether, and by it 
are propagated outward in spherical waves similar to sound- 
waves in air. Heat propagated in this way is called radiant 
heat. A line perpendicular to a wave front is called a ray 
of heat. 

A ray of heat indicates a direction in which heat is propagated 
and along which it produces its effect. In a homogeneous medinm 
heat-rays are straight lines radiating in every direction from a heated 
body. Radiant heat does not impart warmth to the medium that 
transmits it, but when intercepted by a body the molecular energy 
of the ether is imparted to the molecules of the body, and the phe- 
nomena of heat are developed. 

When we speak of radiant heat. it must be understood that it is 
not a new kind of heat, but radiation considered in its thermal, or 
heat aspect. 

In order to distinguish it from the ordinary heat-energy which 
bodies possess, it may be regarded as undulatory, or radiant energy 
which travels through space with great velocity; and when rays of 
heat, as has been stated, are intercepted by a body, this radiant 
energy is changed to ordinary heat-energy, which in turn is changed 
back again into radiant energy when heat is given off by any 


substance. 


292. Laws of Radiant Heat. — The radiation of heat 
takes place according to the following laws : — 
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1. Heat is radiated equally in all directions. 


This law may be verified by placing thermometers at equal dis- 
tances and in different directions from a heated body. 

2. Rays of heat are straight lines. 

This law may be verified by interposing a screen anywhere ina 
right line joining the heated body and the thermometer, when the 
thermometer will cease to rise. 

If a ray pass from one medium to another, it is bent from its 
course ; this bending is called refraction. 

We see refraction of heat when the luminous thermal rays of the 
sun, like the rays of light, are refracted to a focus by a converging 
lens. Non-luminous rays of heat, or obscure rays, as they are 
generally called, can be refracted by a lens of rock salt held before 
an iron ball heated below redness. 

The laws of refraction for heat are the same as for light, and will 
be more fully discussed under that subject. 


3. The intensity of radiant heat varies directly as the temper- 
ature of the radiating body, and inversely as the square of the 
distance to which it 1s transmitted. 


The first part of this law is verified by exposing one of the bulbs 
of a differential thermometer to a blackened cubical box, filled with 
hot water, the other bulb being protected by a screen. If the water 
is in the first instance of a given temperature, and then falls to a 
half or a third of that temperature, the differential thermometer will 
manifest a half or a third of its original indication, and so on for 
any temperature. 

The second part of the law may also be verified by means of the 
differential thermometer. In this case the heated body is kept 
always at the same temperature, and one bulb of the differential 
thermometer is placed at different distances from it. It will be found 
that at a double distance the indication is only a fourth of the original 
indication, at a triple distance only a ninth, and so on. 


4. Radiant heat is propagated in a vacuum as well as in air. 

The radiation of heat from the sun to the earth proves this 
law. 

It ean be demonstrated also by the following experiment. In the 
bottom of a glass globe (Fig. 200) a thennometer, t, is sealed aire 
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tight, in such a manner that its bulb occupies the centre of the globe. 
The apparatus is then filled with mercury, and inverted over a cup 
of mereury with the end of the neck of the globe under 


the surface of the mereury. We get in this way a y 
‘Torricellian vacuum. 
Now melt off the neck with a blow-pipe above the = 
wnereury. If the globe be immersed in hot water, the 
mercury is seen at once to rise. And this must be due 
to the radiation of heat through the vacuum. / 
T 


293. Exchange of Heat between Bodies. 
—The process of radiation of heat between 
bodies is mutual and continuous. According to 
the laws given in the preceding article, those 
bodies which are most heated give off most heat; Fig. 200. 
hence the hottest bodies of a group give off more heat 
than they receive, and the coldest ones receive more than 
they give off. The consequence is, that there is a continual 
tendency towards equalization of temperature. If all the 
bodies are of the same temperature, each will give off as 
much as it receives, and no further change of temperature 
can occur. The process of radiation, however, goes on as 
before. 

All the bodies in a room, for example, tend to come to a uniform 
temperature. We say, tend to come to a uniform temperature, 
beeause this condition is never fully realized. Bodies nearest the 
walls are continually exchanging heat with the walls, and as these 
are in communication either with the outer air or with other rooms, 
their temperature will be influenced thereby, and will in turn exert 
an influence upon the remaining bodies in the room. 


294. Reflection of Radiant Heat. — When radiant heat 
falls upon the surface of a body, some of it is deflected or 
bent from its course. ‘This bending is called reflection. 

The point at which the bending takes place is called the 
point of incidence. The ray before incidence is called the 
incident ray; after incidence, it is called the reflected ray. A 
line drawn perpendicular to the surface at the point of inci- 


dence is called the perpendicular. ‘The angle between the 
incident ray and the perpendicular is the angle of incidence ; 
the angle between the perpendicular and the reflected ray is 
the angle of reflection. ‘The plane of the incident ray and the 
perpendicular is the plane of incidence; the plane of the 
reflected ray and the perpendicular is the plane of reflection. 
These planes coincide. 
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295. Laws which govern the Reflection of Heat. — 
The following laws, indicated by theory, have been confirmed 
by experiment :-— 

1. The plane of the incident and reflected rays is perpendicular 
to the reflecting surface at the point of incidence. 


2. The angles of incidence and reflection are equal. 

The apparatus employed in establishing these laws is shown in 
Fig. 201. A is a tin box with its faces blackened, in whieh hot 
water is placed. B is a reflecting surface, and D is a differential 
thermometer. BC is a perpendicular to the reflecting surface. 

The surface, A, radiates heat in all directions, but only a single 
ray is permitted to fall upon the reflector, B, the remainder being 
intercepted by a sereen, having a small hole in it. By suitably 
arranging the thermometer, and other parts of the apparatus, it may 
be shown that the plane A BD is perpendicular to the reflecting sur- 
face at B, and that the angles, 4 BC and CBD, are equal to each 
other, | 
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296. Reflection of Heat from Concave Mirrors. — 
A Concave Mirror is a polished spherical or parabolic sur- 
face, usually of metal, employed to concentrate rays of heat 
at a single point. 

It is a property of such mirrors that all rays which before 
incidence are parallel to the axis, are after reflection con- 
verged to a single point, which point is the fucus of the 
mirror. Conversely, if the rays proceed from the focus, they 
will be reflected in lines parallel to the axis. 


Fig. 202. 


A and B (Fig. 202) represent two reflectors, having their axes 
coincident, and their surfaces turned to each other. In the focus, », 
of the mirror, A, is placed a ball of hot iron, and in the focus, m, ot 
the mirror, B, is placed an inflammable substance, as a piece of 
phosphorus. The heat radiating from the ball is reflected from A, 
parallel to the common axis of the mirror, and falling upon B, is 
again reflected to the focus m; the heat, concentrated at m, is suffi- 
cient to inflame the phosphorus, even when the mirrors are several 
yards distant from each other. If the mirror, A, alone is used, the 
phosphorus is not inflamed. : 

Parabolie reflectors brings parallel rays more accurately to a focus 
than spherical, but are more difficult to construet, and therefore are 
uot used so much. 
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The property of concave mirrors, above explained, enables us to 
concentrate the heat of the sun’s rays. In this case the reflector is 
called a burning mirror. It must be placed so that its axis is par- 
allel to the rays of the sun, which, as they fall upon it, are reflected 
to the focus, where they produce heat enough to set inflammable 
substances on fire. 

It is said that ARCHIMEDES was enabled by means of mirrors to 
set fire to the Roman ships in the harbor of the city of Syracuse. 
BuFrron showed the possibility of such an operation, by setting fire 
to a tarred plank, by means of burning mirrors, at a distance of more 
than 220 feet. 


Fig. 203. 


297. Reflecting Power of Different Substances. — 
Those bodies which reflect a large portion of the incident 
heat are called good reflectors ; those which reflect but little 
are called bad reflectors. 

Fig. 203 shows the method of determining the relative 
reflecting powers of different bodies, adopted by Lestre. 
He placed a cubical tin box, filled with water at the boiling- 
point, in front of a parabolic reflector. The rays of heat, 
falling upon the reflector, are reflected and tend to come to 
a focus at 2’, but by interposing a square plate of some sub- 
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stance between the mirror and its focus, the rays are again 
reflected, and come to a focus as far in front of the plate 
as /’is behind it. The heat thus reflected is received upon 
one bulb of a differential thermometer, by means of which 
it is measured. By interposing plates of different sub- 
stances in succession, their relative reflecting powers are 
determined. 

In this way Leste showed that polished brass possessed the 
highest reflecting power; silver reflects only nine tenths, tin only 
cight tenths, and glass only one tenth as much as brass. Plates 
blackened by smoke do not reflect heat at all. 

It has been stated that when radiant heat falls upon the surface of 
a body, some of it is reflected. There is some of it also that is 
absorbed by the body, and some transmitted. 

A substance that transmits heat is called diathermanous, and one 
that does not, athermanous. 

Rock salt is the most diathermanous of all solids. Radiant heat, 
both luminous and obscure, will pass through it with about the same 
ficility that light passes through glass. Glass is very transparent, 
that is, will let light through it readily, but is not specially diather- 
wWawous. 

Incident rays not transmitted are either reflected or absorbed. It 
is only the rays absorbed that warm a body. 


298. Absorbing Power.—In order to determine the 
relative powers of absorption, Leste employed the apparatus 
shown in Fig, 204. 

The source of heat and the reflector remaining as before, 
he placed the bulb of the differential thermometer in the 
focus of the reflector, covering it successively with layers of 
the substance to be experimented upon. In this way he 
showed that those substances which reflect most heat absorb 
Jeast, and the reverse. 

When the bulb was blackened by smoke, the thermometer indi- 
cated the greatest change of temperature, and when covered with 
leaves of brass, it indicated the least change. 
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299. Radiating Power. —The Rapiatinc Power of a 
body is its capacity to emit, or radiate the heat which it 
contains. 

In determining the radiating power, Leste employed 
the apparatus shown in Fig. 204. In this case, instead of 
covering the bulb of the thermometer with layers of the 
substances to be experimented upon, he covered the different 
faces of the cubic box with layers of the different substances. 


Fig. 204. 


For example, let one face be made of tin, let a second be black- 
ened by smoke or lamp-black, let a third be covered by a layer of 
paper, and a fourth by a plate of glass. On turning these different 
faces towards the reflector, the thermometer indicates different degrees 
of temperature. If the blackened face be turned towards the reflee- 
tor, the thermometer rises, showing that this face is a good radiator ; 
if the paper-covered face be next turned towards the reflector, the 
thermometer falls, showing that paper is a poorer radiator than 
lamp-black ; if the glass-covered face be turned towards the reflector, 
the thermometer falls still lower, indicating that glass is a poorer 
radiator than paper; finally, if the tinned face is turned towards the 
reflector, the thermometer falls still lower, indicating the fact that tin 
is a poorer radiator than glass, 
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LeEsLig£ found, by this course of proceeding, that the radiating 
powers of bodies are the same as their absorbing powers ; that is, a 
good radiator is also a good absorber but a bad reflector, and the 
reverse. 

It is commonly supposed that bodies of bright colors radiate heat 
to a less extent than those of a dull and dark color. This was dis- 
proved by Melloni, at least for obsewre heat. He found that white 
lead and lamp-black radiated the same ainount of heat. 


.300. Modifications of the Reflecting Powers of 
Bodies. — The principal causes that modify the reflecting 
and absorbing powers of bodies are: polish, density, direction 
of the incident rays, nature of the source of heat, and color. 

Other things being equal, polished bodies are better reflectors 
and worse absorbers than unpolished ones. 

Other things being equal, dense bodies are better reflectors 
and worse absorbers than rare ones. 

Other things being equal, the nearer the incident ray ap- 
proaches the perpendicular, the less will be the portion reflected 
and the greater the portion absorbed. 

The nature of the source of heat sometimes modifies the reflect- 
ing and absorbing powers. Thus, if a body is painted with 
white lead, it absorbs more heat from a cubical box of boiling 
water, than though the same heat were emitted by a lamp. 
But if a body is painted with lamp-black, the amount ab- 
sorbed is the same, whatever may be its source. 


Light-colored bodies absorb less and reflect more heat than dark- 
colored ones. This is found to be true in regard to luminous heat, 
such as that of the sun. But in the case of obscure heat, color does 
not seem to affect the absorption. 

Whether a body is a good reflector, absorbent, or radiator, or 
whether it is the reverse, depends more upon the molecular condition 
of its surface than upon its color. 


301. The Radiometer. — This consists of a glass tube 
(Fig. 205) with a bulb blown in it, which rests on a wooden 
support. A fine steel point is fused on a small tube extend- 
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ing up into the bulb; on this point 
rests a small vane consisting of four 
arms, each one carrying a disk of mica 
or pith, white on one side and covered 
with lamp-black on the other. 


In order to keep the vane on the steel 
pivot, a small tube extends down from the 
top of the bulb so as to surround the top of 
the cap, which rests on the pivot without 
touching it. The other end of this tube is 
drawn out, and connected with some appa- 
ratus for exhausting the air. When this is 
done, the bulb is hermetically sealed. 


If a hot body be brought near the radi- 
ometer, or if it be exposed to the sunlight, 
the arms will rotate more or Jess rapidly. 
The cause of this was formerly supposed to 
be dne to the mechanical action of light, but 
it is now thought to be owing to heat radia- 


tions, and the reactive force of the mole- 


Fig. 205. 


cules of the rarefied gas in the bulb. 


302. Absorbing Power of Gases. — The power of the 
different gases in absorbing heat varies greatly. The simple 
gases, hydrogen, oxygen, and nitrogen, absorb very little. 
Dry air also is a very poor absorbent. The aqueous vapor 
in the atmosphere, however, has great power of absorption ; 
but it is more manifest in the case of obscure than luminous 
rays. 

Some of the compound gases exhibit great capacity for absorbing 
dark heat, sueh as sulphurons acid and ammonia, the former absorb- 
ing nearly 900 times as mueh as dry air. 

We shall see in another chapter that light is subject to the same 
laws that radiant heat is: viz., it is reflected, refracted, transmitted, 
and absorbed. They both undergo another modifieation, also, ealled 
polarization, to be explained hereafter. 

In view of these facts, we are justified in our inference that heat 
and light are either identical or closely allied to each other. 
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303. Applications of the Preceding Principles. — 
Articles of clothing are intended to preserve uniformity of tempera- 
ture in the human body by excluding the too violent heats of 
summer, and by preventing too rapid radiation of animal heat in 
winter. 

Loose substances, like woollens and furs, are bad refiectors, and 
therefore are suitable for winter clothing. Compact substances, like 
linens and cottons, are good reflectors, and therefore are suitable for 
summer clothing. 

Snow is a good reflector, but a bad absorber and radiator. Hence 
it is that a layer of snow in winter acts to protect the plants which 
it covers. Snow and ice, when exposed to the rays of the sun, melt 
but slowly; but if a branch of a tree or stone projects through the 
snow, it causes the latter to melt in its neighborhood, first by absorb- 
ing the heat of the sun, and then radiating it to the surrounding 
particles of ice or snow. 

If a stone is thrown upon a field of ice, it soon causes the ice 
around it to melt, forming a hole into which it sinks. A dark cloth 
spread upon snow acts in the same manner, and soon sinks under the 
influence of the sun’s rays. 

Water is svonest heated in a vessel whose surface is black and 
unpolished, because the vessel in this state is best adapted to absorb 
the heat which is applied to it, but on removing it from the fire, the 
water cools rapidly. To retain heat in liquids, they should be con- 
fined in dense and polished vessels, as these are poor radiators. 
Hence, for boiling and cooking, rough and black vessels should be 
employed, but to keep the articles warm, dense and polished vessels 
should be used. It is for this reason that a silver teapot is better 
than an earthen one. But as silver is a good conductor of heat, the 
handle should be insulated by interposing between it and the vessel 
some non-conducting substance, as ivory or bone. 

Stoves, being intended to radiate heat, should be rough and black, 
but fireplaces, being intended to reflect heat into the room, should be 
lined with white, dense, and polished substances, like glazed earthen- 
ware, or glazed fire-bricks. 


304. Conduction is that property of bodies by virtue of 
which they transmit heat from molecule to molecule. When 
any body is heated by conduction, it must be of a lower tem- 
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perature than the parts of the body through which the heat 
comes to it. 


Those bodies that transmit heat readily are called good conduc- 
tors ; those that do not transmit it readily are called bad conductors. 

INGENHOUSZ showed that solid bodies possess different degrees of 
conductivity, by means of an apparatus shown in Fig. 206. It con- 
sists of an oblong vessel to contain water, from one side of which 
projects a system of short tubes for receiving rods of different kinds 
of solids, such as metals, marble, wood, glass, and the like. 

He coated the different rods with a soft wax that would inelt at 
about 140° F., and then filled the vessel with boiling water. Upon 
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some of the rods the wax melted rapidly, upon some more slowly, 
and upon others not at all. This showed that the rods varied in 
their conductivity. 

It has been shown that metals are the best conductors, after which 
comes marble, then porcelain, bricks, wood, glass, resin, ete. 

Liquids are bad conductors of heat, except mereury, which is a 
metal. They are such bad conductors that RumMFoRD asserted that 
water is not a conduetor at all. More careful experiments have 
shown that all liquids are conductors, but extremely bad ones. 

Gases are bad conductors of heat, but on aceount of the extreme 
mobility of their particles, it is diffienlt to establish the fact by direct 
observation. 
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305. Convection is the motion of the particles of the hot 
body carrying the heat with them. When a liquid is heated 
at the bottom it illustrates convection. The heated particles 
expand, and as they are then lighter than the cooler ones 
above them, they rise to the top of the vessel to give place 
to the heavier and cooler particles that supply their places. 
In this way a double current of par- 
ticles is set up, as shown in the fig- 
ure by the arrows, the hot ones rising 


and the cool ones descending. This 1H 
process of circulation goes on till a atl 
uniform temperature is imparted to : 


all of the liquid. Qi) el 


er 


iy 
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The circulation of particles may be 
shown by putting into the vessel (Fig. 
207) particles of a substance of nearly 
the same density as the liquid; as, for 
example, oak sawdust. These particles 
will partake of the motion of the fluid, 
rising up in the centre, and descending 
along the walls of the vessel as shown in 
the figure. 

Gases are heated by convection, in the sane manner as liquids. 


306. Applications of the Preceding Principles. — 
If the hand be placed upon different articles in a cold room, they con- 
vey different sensations. Metals, stones, bricks, and the like, feel 
cold, whilst carpets, curtains, and the like, feel warm. The reason 
of this is, that the former are good conductors, and readily abstract 
the animal heat from the hand, whilst the latter are bad conductors, 
and do not convey away the heat of the hand. 

Wooden handles are sometimes fitted to metallic vessels which are 
to contain heated liquids. This is because wood is a bad conduetor, 
and therefore does not convey the heat to the hand. For a similar 
reason, when we would handle any heated body, we often interpose a 
thick holder of woollen cloth, the latter being a bad conductor. 

To preserve ice in summer, we surround it with some bad con- 
ductor, as straw, sawdust, or a layer of confined air. The same 
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means are adopted to preserve plants from the action of frost. In 
this case the non-conducting substance prevents the radiation of 
heat. 

Cellars are protected from frust in winter by a double wall enclos- 
ing a layer of air, which is a non-conductor. It is the layer of con- 
fined air that renders double windows so efficient in excluding frost 
from our houses. 

The feathers of birds and the fur of animals are not only in them- 
selves bad conductors, but they enclose a greater or less’ quantity of 
air, which renders them eminently adapted to the exclusion of cold. 

The bark of trees is a bad conductor, and so serves to protect them 
from the injurious effects of heat insummer and cold in winter. 

Our warmest articles of clothing are composed of non-conducting 
substances, enclosing a greater or less quantity of air. Such are furs, 
woollen cloths, and the like. It is not that these are warm of them- 
selves, but they serve as non-conductors, preventing the escape of 
animal heat from our bodies. 
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SECTION V.— CHANGE OF STATE OF BODIES BY FUSION AND 
CONGELATION. 


307. Fusion.—It ‘nas been stated that heat not only 
causes bodies to expand, but that it may in certain circum- 
stances cause them to change from the solid to the liquid 
state, or from the liquid to the gaseous state. ; 

When a body passes from a solid to a liquid state, it is 
said to melt, or fuse, and the act of changing state in this case 
is called fusion. 

If a melted body is suffered to cool, it generally becomes 
solid at the same temperature at which it melted. Hence the 
melting-point is usually the same as the freezing-point. 

The freezing-point may be lowered in various ways. That ct 
water has been lowered several degrees below 382° F. A slight jar, 
however, will cause the water to freeze, and the temperature will in- 
stantly rise to 32°. 

Fusion takes place when the force of cohesion, which holds the 
particles of a body together, is exactly balanced by the heat which 
tends to separate them. The temperature at which fusion takcs 
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place is different for different bodies. For some bodies it is very low 
and for others very high, as is shown in the following table : — 


Body. | Tomperstureiat | ay, | Memageratare of 
Mercury . . — 37.9° F. Bismuth . . ay bode OF 
Teer eer eau 32° eat = 5. 620° 
Tallow... ore Antimony . . 810° ! 
White wax. 149° Zine Lovee 680° | 
Sulphur. . 239° Silver <2. <4 1882° 
i) fe 451° GOR. « fin) “RRR | 


All bodies are not melted by the action of heat. Some are decom- 
posed, such as paper, wood, bone, marble, ete. Simple bodies — that 
is, bodies which are composed of but one kind of matter—always melt 
if sufficiently heated, with a single exception. Even carbon, the most 
refractory of all known bodies, has been brought to a state of ineip- 
ient fusion. 

The passage from the solid to the liquid state is generally abrupt, 
but not always. Some bodies show no definite melting-point; for 
example, glass and iron gradually become softer and softer until the 
liqnid condition is reached. | 


308. Latent Heat of Fusion. — Bodies which can be 
melted always present the remarkable phenomenon that when 
they are heated to the temperature of fusion, they cannot be 
heated any higher until the fusion is complete. For example, 
if ice be exposed to heat, it begins to melt at 82° F., and if 
more heat be applied, the melting is accelerated, but the tem- 

“perature of the mixture of ice and water remains at 52° until 
all the ice is melted. 

The heat that is applied during the process of fusion enters 
into the body without raising its temperature, and is said to be- 
come latent. When the body returns to its solid state, all the 
latent heat is again given out, and once more becomes sensible. 


Those who first used the term latent heat noticed that the ther- 
mometer did not respond to the heat that was communicated during 
the process of melting, and supposed that it was hidden away in the 
moleeular spaces in a state of inaction ; hence the name latent. 
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According to the present theory, the heat is expended in conferring 
potential euergy upon the molecules, and performing the interior 
work of moving them into new positions. When the heat is with- 
drawn this potential energy becoines kinetic, and the molecules rush 
back again to their former condition with the saine force used in sep- 
arating them. The heat that was consumed now reappears, as has 
been said, in its original form of sensible heat. 


The expression latent heat, although not in strict accordance 
with modern ideas, is nevertheless generally used by physi- 
cists as a matter of convenience. 

There can be no confusion in its use if we understand it to 
mean simply the amount of heat that must be communicated to u 
body in a given state in order to convert it into another state with- 
out changing its temperature. 

If we consider sensible heat to be kinetic molecular energy 
(Art. 263), then latent heat may be regarded as potential 
molecular energy. 


The phenomenon of latent heat may be illustrated by the follow- 
ing experiment. If a pound of pulverized ice at 32° F. be mixed 
with a pound of water at 174° F., the heat of the water will be just 
sufficient to melt the ice, and there will result two pounds of water at 
the temperature of 32° F. During the process of melting, 142° of 
heat have been absorbed and become latent; hence we say that the 
heat required to melt ice at 32° F. is 142°; or, in other words, the 
latent heat of water at 32° is 142°. 

The enormous amount of heat which becomes latent when ice 
melts explains why it is that large masses of ice remain unmelted 
for a considerable time after the temperature of the air is raised 
above 32° F. Conversely, the immense quantity of heat evolved 
when water passes to the state of ice explains why it is that ice 
forms so slowly in extremely cold weather. The absorption of heat 
in melting and the production of heat in freezing tend to equalize 
the temperature of climates in the neighborhood of large masses of 
water, like lakes and rivers. 


309. Congelation. — Solidification. — Regelation. — 
Any body that can be melted by the application of heat can 
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be brought back to a solid state by the abstraction of heat. 
This passage from a liquid to a solid state is called congelation, 
or solidification. 

In every body the temperature at which congelation com- 
mences is generally the same as that at which fusion begins. 
Thus, if water be cooled, it will begin to congeal at 32° F.; 
and, conversely, if ice be heated, it will begin to melt at 
32° F. Furthermore, the amount of heat given out, or ren- 
dered sensible, in congealing 1s exactly equal to that ab- 
sorbed, or rendered latent, in melting. 


That this is really the case may be proved by the following ex- 
periment. If we take two vessels, the first containing one pound of 
water at 174° F., and the second one pound at 32° F., and expose 
them to the air during a cold winter day, so that equal amounts of 
heat shall escape from both during a given time, we shall find that 
the temperature of the water in the first vessel will immediately fall, 
while that in the second will remain stationary. 

In the mean time the water in the second vessel will begin to 
freeze, but as long as the water keeps its liquid state the temperature 
will stay at 32°.. When the last particle of water has frozen, and 
before the temperature falls, if we observe the temperature in the 
first vessel, we shall find it to be 32°. We see, therefore, that 142° 
of heat have been given out in the first vessel. 

The same amofint must also have escaped from the water in the 
second, but the temperature is not changed, because it is the heat of 
fusion given up by the water in changing into ice. 

Some liquids cannot be congealed by the greatest cold to which we 
ean subject them; such are aleohol and ether. Pure water congeals 
at 32°; the salt water of the ocean congeals at 27°; olive-oil at 
21°; linseed and nut oils at 17°. 

Water reaches its maximum density at 39.29, and as its tempera- 
ture is diminished from this limit, its volume continues to increase 
until cougelation is completed. 

When it passes from a liquid to a solid state the expansion is sud- 
den and irresistible. The immense power of this expansion is seen 
in the bursting of water-pipes during a frost, the breaking of piteh- 
ers, tumblers, vases, ete., in which water has been left, when the 
temperature falls to 32°. 


CRYSTALLIZATION. 253 


The following experiment illustrates this expansive force 
in a still more striking manner : — 

An officer of the Artillery in Quebec filled a 12-inch shell (Fig. 208) 
with water, and closed the fusee hole with a wooden plug driven in 
with a mallet. It was : 
then exposed to intense v 
frost. When the water 
froze the plug was pro- 
jected to a distance of sev- 
eral hundred feet, and a 
long eylinder of ice issued 
from the hole. 

In another experiment 
the bomb split open and a 
sheet of ice was forced : = 


through the erack. 


If two smooth pieces Fig. 208. 
of melting ice be pressed against each other, they are soon 
frozen together. This phenomenon is called regelation. 

Regelation is explained by supposing the interior of the ice colder 
than the outer layer just passing into the state of water. When 
the pieces are pressed together the layer of water at 32° F. has a 
colder body on each side. The latent heat of fusion of this layer is 
soon absorbed and conducted away, and the water is converted into 
ice. The formation of a snow-ball depends on regelation. Below a 
temperature of 32° I. the particles of snow are dry and regelation 
cannot take place. Hence a coherent snow-ball can only be made of 
melting snow. 


310. Crystallization.—When bodies pass slowly from the 
liquid to the solid state, their particles, instead of arrang- 
ing themselves in a confused manner, tend to group them- 
selves into regular forms. ‘These forms are called erystats, 
and the process of forming them is called crystallization. 

Flakes of snow, sugar candy, alum, common salt, and 
the like offer examples of crystallized bodies. The forms of 
the crystals are best seen under a magnifying-glass. 


Bodies may be erystallized in two different ways. In the first 
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case, we melt them, and then allow them to cool slowly. If a vessel 
of sulphur be melted and allowed to cool slowly, it will commence 
erystalliziug about the surface, and if we break the crust thus 
formed, and pour out the interior liquid sulphur, we may obtain 
beautiful erystals of sulphur. 

In the second case, we dissolve the body to be erystallized, and 
then allow the solution to evaporate slowly. The dissolved body 
is then deposited at the bottom and on the sides of the vessel in the 
form of crystals. The slower the process, the finer will be the erys- 
tals. It is in this manner that we crystallize candy and various salts. 


311. Freezing Mixtures. — The absorption of heat 
which takes place when a body passes from a solid to a liquid 
state is often utilized in the production of intense cold. This 
result is best obtained by mixing certain substances, and 
these mixtures are then called freezing mixtures. 

A mixture of one part of common salt and two parts of 
pounded ice forms a mixture that is used for freezing cream. 
The salt and ice have an affinity for each other, but they 
cannot unite until they pass to the liquid state. In order to 
pass to this state they absorb a great quantity of heat from 
the neighboring bodies, and this causes the latter to freeze. 
By means of a mixture of salt and snow the thermometer may 
be reduced to 0. 


Summary.— 
Fusion. 
Definition. 
Table of Fusion for different Substances. 
Latent Heat of Fusion. 
Explanation of the Term Latent. 
Origin of its Use. 
What Latent Heat really accomplishes. 
Examples. 
Congelation. 
Definition. 
Heat given out in Freezing. 
Experiment. 
Expansive Power of Water in Freezing. 
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Congelation (continued ). 
Experiment. 

Regelation. 

Explanation of the Term. 
Crystallization. 

Definition. 

Methods of Crystallization. 
Freezing Mixtures. 


SECTION VI. — VAPORIZATION. — ELASTIC FORCE OF VAPORS. 


312. Vaporization. — Volatile and Fixed Liquids. — 
When sufficient heat is applied to a liquid, it is converted 
into a gaseous form and is called a vapor. The change of 
state from a liquid to a gaseous state is designated by the 
general term vaporization. 

If vaporization takes place slowly and from the surface, at 
ordinary temperatures, it is called evaporation ; but if vapor is 
produced rapidly in the mass of the liquid itself, the process 
is termed boiling. 

Some solids are capable of passing directly to a state of 
vapor without first becoming liquid. Jodine, arsenic, and 
camphor are examples of this class. This is called sublima- 
tion. Even the vapor of ice can be detected far below the 
freezing-point. 

The number of vapors that exist at ordinary temperatures is very 
small. Of these, watery vapor is the most familiar, as well as the 
most important, on account of the part which it plays im many nat- 


ural phenomena. 

Liquids are divided into two classes, with respect to the readiness 
with which they pass from the liquid to the vaporous state, viz. 
volatile liquids and fixed liquids. 

Volatile liquids are those which have a natural tendency to pass 
into a state of vapor even at ordinary temperatures, such as ether, 
alcohol, and the like. If a vessel of water, alcohol, ether, or chloro- 
form be left exposed to the air, the liquid is slowly converted into 
vapor and disappears ; in other words, it evaporates. To the class 
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of volatile liquids belong essences, essential oils, volatile oils, 
amongst which may be mentioned spirits of turpentine, oil of laven- 
der, attar of roses, oil of orange, and the like. 

Fixed liquids are those which do not pass into vapor at any tem- 
perature, as, for example, fish oils, olive oils, and the like. At high 
temperatures they are decomposed, giving rise to various kinds of 
gases, but to no true vapors that can be condensed into the origi- 
nal form of the liquid. Some oils, like linseed oil, harden on expos- 
ure to the air; but it is not by evaporation, but by absorbing oxygen 
from the air, and thus passing to a solid state. 


313. Elastic Force of Vapors. — Vapors are generally 
colorless, and are endowed with an expansive force, or tension, 
which, when heated, may become very great. 

This property may be illustrated by means of an apparatus shown 
in Fig. 209. It consists of a eurved 
tube, the short branch of which is 
closed and filled with mercury; the 
mereury also fills a portion of the 
long branch. <A small quantity of 
ether is introduced into the short 
branch, when. it at once rises to the 
top, B, of this branch. At ordinary 
temperatures, the pressure of the ex- 
ternal atmosphere exerted through 
the mercury is sufficient to prevent 
the ether from forming vapor. 

If, however, the tube is plunged 
into a vessel of water heated to 112°, 
the ether will be converted into va- 
por, and will occupy a certain por- 
tion, AB, of the tube, holding in 
equilibrium the pressure of the at- 
mosphere, together with the weight 


of the mereurial column, whose 
height is AC. 

If the tube is withdrawn and 
allowed to cool, the vapor of ether 
will be condensed, and will appear 


— 
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as a liquid at B. If more heat be applied, it will again be con. 
verted into vapor, and the mercury will rise in the branch, C, as 
long as any ether remains to be evaporated. ‘This shows that the 
tension of the vapor augments with the temperature. This priu- 
ciple holds true for all kinds of vapor. 

The tension acquired by the vapor of water, or steam, often be- 
comes so great by being heated as to burst the strongest vessels, and 
thus is the cause of frightful accidents. The cause of wood snap- 
ping when burned in a fireplace is the expansion of the water in the 
pores, giving rise at last to an explosion. When a chestnut is 
roasted in the ashes, the moisture within the shell expands into 
steam, and explodes with sufficient force to throw the nut from the 
fire. Hence it is that a small puncture is usually made in the shell, 
which permits the escape of the steam and prevents explosion. 


314. Instantaneous Evaporation in a Vacuum. — 
Vapors formed upon the 
surface of a liquid es- 
cape by virtue of their 
tension. Under ordi- 
nary circumstances, the 
pressure of the air pre- 
vents a very rapid es- 
cape of vapor at ordi- 
nary temperatures, but 
when the atmospheric 
pressure is diminished 
in any way, evaporation 
takes place with great 
rapidity. If the pres- 
sure is entirely removed, 
the evaporation is in- 
stantaneous, like the 
flash of gunpowder, es- 
pecially if the liquid is 
very volatile. 


This principle may be Fig. 210. 
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illustrated by means of the apparatus shown in Fig. 210. It consists 
of several barometer tubes, A, B, C, D, filled with mercury, and 
inverted in a common cistern of mercury, as shown in the figure. 
The whole apparatus is supported by a frame, to which is attached 
a graduated scale. The mercury will stand at the same height in 
all of the tubes, — at the height in A, for example. 

If a few drops of water be introduced into the tube, B, they will 
rise through the mercury in the tube, and on reaching the vacuum 
will be instantly converted into vapor, as is shown by the depression 
that takes place in the column of mercury. If a little alcohol be 
introduced into the tube, C, it will, in like manner, be converted 
into vapor, and will produce a still greater depression of the column. 
If a stnall quantity of ether be introduced into the tube, D, a still 
greater depression of the mereury will be observed. 

This experiment shows that the tension of the vapor of ether is 
greater than that of alcohol, and that of alcohol greater than that of 
water. By careful measurement, it is found that the tension of the 
vapor of ether is twenty-five times as great as that of water, and 
six times as great as that of alcohol. 


315. Limit of the Tension of Vapors. —TIf a suffi- 
cient quantity of each of the liquids in the last experiment be 
introduced into the tubes, vapor will finally cease to form, 
and a portion will remain in the liquid state. In this case 
the tension of the vapor already formed is sufficient to bal- 
ance the tendency of the liquid to pass into a state of vapor. 
In this state of affairs no more vapor can form without a 
change of temperature. This is the case supposed in the 
last article. 


316. Causes that accelerate Evaporation. — The 
slow evaporation of water on the surface of our globe is 
accelerated by many causes, some of which are indicated 
below : — 

1. Temperature. — Increase of temperature also increases 
the tension of the vapor formed, and accelerates evapora- 
tion. 

This property is utilized in the arts in the manufacture of extracts. 
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The evaporation is carried on in chambers kept at temperatures of 
from 80° to 140° F., the air being continually renewed to carry off 
the vapor as fast as formed. 

2. Pressure. — Diminution of pressure facilitates evapora- 
tion. 

This principle has been utilized in the arts for the concentration 
of syrups. This application is illustrated by the method of concen- 
trating syrups in sugar refining. The syrups are placed in large 
spherical boilers, from which the air is extracted by means of air- 
pumps worked by steam. 

3. Change of Air. — A continual change of the air in con- 
tact with the liquid facilitates evaporation, by carrying off 
the vapor which would otherwise saturate the layer in contact 
with the liquid, and effectually check the formation of addi- 
tional vapor. 

It is for this reason that the surface moisture of our fields and 
roads disappears more rapidly when there is a breeze than in calin 
weather. In the arts, the principle is applied by keeping a current 
of air playing across the surface of the liquid to be evaporated, by 
means of blowers or otherwise. 

4. Kaxtent of the Liquid. — A large surface is favorable to 
rapid evaporation, by affording a great number of points 
from which vapor may be formed. 

This principle is utilized in the arts by employing shallow and 
broad evaporating pans. This application is illustrated by the pro- 
cess of making salt from sea-water. The water is spread out in 
large pans, which are very shallow, and then exposed to the influence 
of the sun’s rays, when the water slowly evaporates, leaving the salt 
in the form of crystals. 


317. Ebullition. — Epuiirion, or BorLine, is a rapid 
evaporation, in which the vapor escapes in the form of bub- 
bles. The bubbles are formed in the interior of the liquid, 
and, rising to the surface, they collapse, permitting the vapo) 
to pass into the air. 

In heating water, the first bubbles are due to the small quantitie 
of air contained in the liquid, whieh expand and rise to the sur- 
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face. Afterwards, as the heat is kept up, particles of water are 
converted into vapor and rise through the liquid, becoming con- 
densed by the colder lay- 
ers of water above them. 
The formation and eon- 
densing of these — first 
bubbles cause the sing- 
ing noticed in liquids be- 
fore they begin to boil. 
When all of the layers 
become suitably heated, 
the bubbles are no long- 
er condensed, but rise to 
the surface, and escape 
with a commotion that - 
we call boiling, as shown 
in Fig. 2U1. 

The following are 
the laws that govern 
the phenomena of eb- 
ullition : — 

Hi 1. Under the same 
Fig. 211. pressure each liquid en- 


ters into ebullition at a fired temperature. 

The temperature at which a liquid boils is called its botling- 
point. When the barometer stands at 30 inches, the boiling- 
point of pure water is 212° F.; the boiling-point of ether is 
108 F.; the boiling-point of aleohol is 174° F., and the boil- 
ing-point of mercury is 660° F, 

2. The pressure remaining the same, a liquid cannot be heated 
higher than the boiling-point. 

For example, if water be heated to 212°, it will begin to 
boil, and no matter how much heat may be applied, it will 
continue to boil, but will never become hotter than 212°; . 
all the applied heat passes into the vapor and becomes 
latent. It becomes latent, because it does not heat either 
the water or the steam above 212°, 
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318. Causes that modify the Boiling-Point of 
Liquids. — The principal causes that influence the- boiling- 
point of liquids are: the presence of foreign bodies, varia- 
tions of pressure, and the nature of the vessels in which the 


boiling is effected. 


ill 


QUT TA 


Fig. 212. 


1. Presence of Foreign Bodies. — Matter in solution gener- 
ally raises the boiling-point of a liquid. Thus, a solution ot 
salt does not boil so readily as pure water. If, however, the 
body dissolved is more volatile than water, then the boiling- 
point is lowered. Fatty matters combined with water raise 
its boiling-point. Hence it is that boiling soup is hotter 
than boiling water. 

2. Variations of Pressure. — Increase of pressure raises, 
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and diminution of pressure depresses, the boiling-point. 
When the pressure is great, the vapor, in order to escape, 
must have a high tension, and this requires a high tem- 
perature. When the pressure is small, the reverse is the 
case. 


This principle may be illustrated by the apparatus shown in Fig. 
212. It consists of a bell-glass, connected with an air-pump. Be- 
neath the glass is a vessel of water. If the air be exhausted from the 
hell-glass, the water enters into ebullition, even at ordinary tempera- 
tures. This is because the pressure is diminished. 

If it is desirable to continue the ebullition for some time, an 
arrangement must be made to remove the vapor as fast as formed. 
This can be effected by placing a dish of sulphuric acid under the 
bell-glass. The acid absorbs the vapor with great avidity. Fur- 
thermore, there is no increase of temperature in the water, but, on the 
contrary, the temperature continu- 
ally falls, and the water may even 
be frozen. 

The influence of pressure on the 
boiling-point ean also be illustrated 
by the following experiment. Take 
a flask (Fig. 213), about half full 
of water, expel the air by boiling, 
and when the steam is escaping 
cork it tightly and invert; the 
steam, by its pressure, will stop 
the boiling ; pour cold water over 
it, the steam will be condensed, 
and, the pressure being removed, 
the boiling will begin again, which 
in its turn will cease if hot water 
be poured over it. 


The height of a mountain can 
be approximately ascertained by 
observing the difference between 
the boiling-point at its summit and at its base. The higher we 
ascend the mountain, the less the pressure and the lower the boil- 
ing-point, 


Fig. 213. 
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3. Nature of the Vessel. — When the interior of the vessel 
is rough, the projecting points form centres for developing 
vapor, and the boiling-point is lower than when the surface is 
smooth. Water boils at a lower temperature in an iron than 
in a glass vessel. In fixing the boiling-point of thermome- 
ters, a metallic vessel should always be employed to boil the 
water in, on account of the fact just mentioned. 


319. Papin’s Digester. — When water is heated in open 
vessels, its temperature cannot be raised beyond a certain limit, but 
in closed vessels both the water and its vapor may be raised to very 
high temperatures, so that the tension of the vapor may reach several 
atmospheres. The instrument employed to show this fact is called 
Paprn’s Digester, so called because PAPIN invented it for extract- 
ing the nutriment from bones. The high temperature dissolves the 
gelatine. 

It is represented in Fig. 214, 
and consists of a thick bronze 
vessel, JZ, whose cover is held 
in place by a screw passing 
through a strong frame. It is 
about two thirds filled with 
water and heated on a furnace. 

The vapor accumulates, in- 
creases the pressure, and raises 
the boiling-point. To avoid dan- 
ger of explosion, the instrument 
is provided with a safety-valve, 


similar to that used in steain- 
engine boilers. The  safety- 
valve consists of a valve, u, 
fitting closely over an opening 
in the cover. This valve is 
held in place by a lever, ab, 
and a movable weight, p. One 
end of the lever is fastened at a 
by a hinge-joint. By moving the weight, p, along the lever, we 
may vary the force with which the valve, u, is kept in place. 
Whenever the tension of the vapor within the digester exceeds the 
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weight exerted upon the valve by the lever, the valve will be forced 
open, and a portion of the steam will escape with a whistling sound 
that indicates great compression. If the valve be left open, the 
temperature can only be raised to 212°, and we have the phenom- 
ena of simple boiling. 

If water be heated in a well-corked bottle, the tension of the 
vapor will finally cause the cork to spring from its place with a 
loud explosion. It is the high tension of confined vapors that gives 
rise to the explosion of steam-boilers. Hence the necessity of cou- 
structing them of strong materials, and of providing them with 
proper safety-valves. 


320. «Measure of the Elastic Force of Vapor. — 
Daxton measured the elastic force of watery vapor at every 
temperature, from 32° F. up to 212° F. 

His method, however, is wanting in precision, but REGNAULT, 
with a more complicated apparatus, obtained results of greater 
accuracy. 

Two methods have been devised for determining the tension of 
aqueous vapor above 212°, one by DULONG and ARAGO, in 18830, 
and the other by REGNAULT, in 1844. 

All the results that were reached prove that the tension increases 
very rapidly with the temperature. 


321. Latent Heat of Vapors. — When a liquid begins 
to boil, all the heat that is added enters into the vapor and 
hecomes latent. The amount of heat that becomes latent is 
different for different liquids. It is called the latent heat of 
vaporization. 

What was said about the term /atent in the case of fusion 
may be repeated concerning vaporization, namely, it is a con- 
venient word to use. 


It was also stated that this heat was really expended in con- 
ferring potential energy upon the molecules, and performing the 
interior work of moving the atoms into new positions. A greater 
amount of potential energy is conferred upon the molecules in the 
‘ase of vapors; and more work is to be done, for besides the in- 
terior work of pulling apart the liquid molecules, there is the ex- 
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ternal work of pushing back the atmosphere so that the vapor can 
oS 

expand. 

When the heat is withdrawn, the molecules rush back again 

? fe) 

to their former condition, with a kinetic energy equal to that em- 
ployed in separating them. The heat that was consumed now 
reappears. 


322. Latent Heat of Steam.— When the source of 
heat is the same, it takes about 55 times as long to change 
water into steam as to raise the same quantity of water from 
the freezing to the boiling point, 180°. We find the latent 
heat of steam to be 180 < 53, or 990°; that is, it takes 
5} times as much heat to conyert any quantity of water into 
steam as to raise the same quantity from 32° to 212°. 

This may be verified by mixing 1 Ib. of steam at 212° with 54 Ibs. 
of water at 32°. The result is 64 lbs. of water at 212°. The ex- 
periment can be performed by putting the 1 lb. of water into a flask, 
and connecting the flask by a tube with a beaker containing the 
53 lbs. Then place the flask over the spirit-lamp or gas-jet, so 
that the steam shall pass through the tube into the water. The 
latent heat of the steam is given out, when it is condensed, and raises 
the temperature of the water to the boiling-point. 


323. Examples of Cold produced by Heat becoming 
Latent. — If a few drops of ether be poured upon the hand and 
allowed to evaporate, a sensation of cold will be felt. The ether in 
evaporating extracts the heat from the hand, which becomes latent. 

Damp linen feels cold when applied to the body, because the mois- 
ture in passing to a state of vapor extracts the animal heat, which, 
entering the vapor, becotnes latent. 

The warm wind of summer is refreshing, because it causes a more 
rapid evaporation of the perspiration, which abstracts animal heat 
from the body to become latent in the vapor thus produced. The 
coolness that results from sprinkling the floor of an apartment in 
summer arises from the passage of heat from a sensible to a latent 
state, in consequence of the evaporation of the water. For the 
like reason, a shower of rain is generally followed by a diminished 
temperature. 

Water may be cooled by putting it in porous vessels. A small 
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quantity escapes through the pores, and in evaporating abstracts a 
portion of heat from the remaining liquid, thus reducing its tempera- 
ture. This is the process of cooling water ennployed in many tropi- 
cal countries. 


324. Spheroidal State. —If a metallic disk be heated 
red-hot, and a little water be dropped upon it, the liquid does 
not wet the disk, but takes the form of a flattened globule, 
and rotates rapidly about on the bottom. 

As the disk cools, it reaches a point where the spheroidal 
state cannot be maintained, and the water moistens the metal 
and goes off instantly in a cloud of steam. 

This peculiar action of the water can be explained as follows : 
When it comes near the hot disk, steam is generated beneath it, 
which acts as a sort of cushion to keep it from the metallic 
surface. 

That the globule of liquid is not in contact with the vessel was 
clearly proved by Boutiany. He heated a silver plate and placed 
it in a horizontal position ; then dropped upon it a little dark-colored 
water. When the water assumed the spheroidal condition, the flame 
of a candle placed at a little distance could be distinctly seen between 
the drop and the plate. 


325. Congelation of Water and Mercury. — When 
evaporation is rapidly increased, the absorption of heat is 
proportionally increased, and as it is taken from the sur- 
rounding objects, these are sometimes frozen. It has been 
stated that water may be frozen under the receiver of the air- 
pump by absorbing the vapor as rapidly as it is generated. 

By operating with a liquid more volatile than water, a 
greater degree of cold is produced. By using sulphurous 
aed, which boils at 14° F., a sufficient degree of cold is pro- 
duagetl to freeze mercury. This is effected by surrounding a 
therng ometer bulb with cotton, saturated with sulphurous acid, 
and thes? Placing it under a receiver and exhausting the air. 
The raps id vaporization abstracts so much heat from the mereury 
‘os ina few minutes. If we break the bulb, the mercury 


that it freeze. € slid iil aiid , 
is fonnd in as Wid mass, like a leaden bullet. In this form mereury 
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ean be drawn out into sheets, or stamped like a coin ; but it soon ab- 
sorbs heat from neighboring bodies, and again passes to a liquid 
State. 

The temperature of a liquid in the spheroidal state, explained in 
Art. 324, is always belew its boiling-point. This property has 
been applied by BouriGyy in freezing water in a red-hot crucible. 

He heated a platinum disk to a bright redness, and placed a small 
quantity of liquid sulphurous acid in it. The acid assumed the sphe- 
roidal state, and water dropped upon it was instantly frozen. 

By using liquid nitrogen protoxide, instead of sulphurous acid, 
mereury can be frozen. 


The boiling-point of the protoxide is about — 94° F. 
Summary. — 
Vaporization. : 
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SECTION VII. — CONDENSATION OF GASES AND VAPORS, — SPECIFIC 
HEAT. —- SOURCES OF HEAT AND COLD, 


326. Causes of Condensation. — The Conpensation of 
a vapor is its change from a vaporous to a liquid state. This 
change of state may arise from chemical action, pressure, or 
diminution of temperature. 

1. Chemical Action. —The affinity of certain substances 
for the vapor of water is so strong that they absorb it from 
the air, even when the latter is not saturated; such, for ex- 
ample, are quick-lime, potash, sulphuric acid, and many 
others. When placed in a closed space, they in a short 
time abstract all the moisture that is in it. 


2. Pressure. —If a closed cylinder be filled with vapor, and 
this be compressed by a piston, as soon as the space oceupied 
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by the vapor is saturated it will begin to condense, and if the 
pressure be continued all the vapor will be reduced to the 
liquid state. 

Until the space becomes saturated, the pressure must be continu- 
ally increased on account of the augmented tension of the vapor; but 
after liquefaction begins no further augmentation of tension takes 
place, and the pressure required to complete the liquefaction remains 
uniform. 

3. Diminution of Temperature. — When the temperature of 
any space is diminished, the amount o* vapor required for 
saturation is diminished. After the point of saturation is 
reached, any further diminution of temperature causes a de- 
posit of the vapor in a liquid form. 

Steam is colorless, but when allowed to escape into the cold air, 
condensation takes place in the form of drops, which become visible. 
For the same reason, the moisture contained in the breath becomes 
visible in cold weather. 

In winter the glass of our windows often becomes coated with 
drops like dew. ‘This arises from the fact that the glass is colder 
than the air of the room, and thus acts continually to produce con- 
densation of the vapor in the air. If the difference of temperature is 
sufficient, the particles of vapor are frozen as they are deposited, pro- 
ducing beautiful crystallizations. When the external air is warmer 
than that within, the deposit takes place on the outside of the glass. 
If a vessel of cold water be placed in a warm room, a deposition of 
moisture takes place on its exterior surface. 


327. Heat developed by Condensation. — When a 
liquid passes to a state of vapor, a great quantity of heat is 
absorbed from neighboring bodies, and becomes latent. 
When the vapor returns to a liquid state, an equal amount of 
heat is given out and becomes capable of affecting our senses ; 
in other words, it becomes sensible. 


328. Heating by Steam. — Buildings are heated by 
means of steam conveyed from a boiler in the lower story, 
through iron pipes in the walls. The steam, by its heat and 
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by the heat given out on condensation, serves to warm the 
apartments through which it is made to pass. To this end, 
coils of pipes are placed in the rooms to be warmed. 


329. Distillation. — DistitLation is the process of sep- 
arating liquids from each other by means of heat. 

The most volatile of the liquids is most easily evaporated, 
and its vapor is then condensed. The heat should be kept 
above the boiling-point of the liquid that we wish to obtain, 


.\ 


Fig. 215. 


but below that which we wish to leave behind. The boiling- 
point of alcohol being 174° F., and that of water 212°, if a 
mixture of alcohol and water be heated up to some tempera- 
ture between these limits, the alcohol will all be vaporized, 
whilst most of the water will remain behind. 


330. Method of Distillation. — An A.empic, or Still, 
is an apparatus for distillation. 

The most usual form of an alembie is represented in 
Fig. 215. It is composed of a boiler, A, with a cover, P, 
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called the dome. From the top of the dome a metallic tube, 
CO, passes into a vessel, S, called the condenser, and is then 
bent intoaspiralform. This tube is called the worm, and after 
passing through the condenser, S, it leads to a receiver, D. 
The condenser, S, is kept full of cold water by an arrange- 
ment shown in the figure. 

‘The substance to be distilled is placed in A, and a suitable 
heat is then applied. The more volatile portion is converted 
into vapor, rises into the dome, and, passing through the 
worm, is condensed, and escapes in a liquid form into the 
receiver, D. 

Wine is composed of water, alcohol, and a coloring matter. If 
this liquid be placed in the alembic and heated to any temperature 
between 174° and 212°, the alcohol is separated from the other in- 
eredients. As a portion of water is evaporated, the alcohol thus 
obtained is not pure, and will require to be distilled again. At each 
distillation the strength is increased, but no amount of distillation can 
render it absolutely pure. 

By distillation, pure water may be obtained from the brine of the 
ocean, or from the impure water of our wells and springs. 

331. Liquefaction of Gases. — All of the gases have 
been liquefied, either by pressure alone, or by a combination 
of pressure with a diminution of temperature. An immense 
pressure may be had by utilizing the tension of the gases 
themselves, by generating large quantities in confined 


spaces. 

One of the most interesting examples of the liquefaction of a gas 
is that of carbonic acid, which is capable not only of liquefaction, but 
also of congelation. For this purpose two very strong cylinders are 
fitted together, both being hermetically sealed, aud communicating 
by a pipe. One of these cylinders is the generator, and the other the 
receiver. In the generator are placed the ingredients necessary to 
generate carbonic acid, usually bicarbonate of seda and sulphuric 
acid. 

After the opening is carefully closed, these materials are brought 
into contact, when an iminense volume of carbonic acid is developed 
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and, being unable to expand, its tension becomes so great that a 
portion is condensed into a liquid form. The tension, at the temper- 
ature of 60° F., is equal to 50 atmospheres, or 750 Ibs. on each 
square inch. As the use of this apparatus is attended with danger, 
it has come into general disfavor. 

Another method is to draw the gas by a condensing-pump from a 
generator and to force it into a receiver. 

After liquefaction has ceased, if a stopcock be turned so as to 
allow a part of the confined gas to escape, a portion of the liquid 
acid passes to a state of vapor with immense rapidity, and in doing 
so, absorbs so much heat from the remaining portion as to freeze it. 
The frozen acid is thrown out by the gaseous jet in flakes like snow. 
It is very white, and so cold as to freeze mercury instantly. It 
evaporates very slowly, and when tested with a spirit therinometer, 
its temperature is found to be 106° below the 0 of FAHRENHEIT’S 
thermometer. 

If the solid acid be mixed with ether, it changes into a 
vapor rapidly, and intense cold is the result. If the mix- 
ture be placed under the receiver of an air-pump, the evapo- 
ration is more rapid, and greater cold is produced. 

FARADAY obtained a temperature in this way of —166° F. A 
temperature of —220° F. was obtained by NATTERER by evapo- 
rating under the exhausted receiver a mixture of bisulphide of car- 
bon and liquid nitrogen protoxide. 

By powerful and ingenious appliances all the gases have been 
liquefied, but a detailed description of the apparatus cannot be given 


here. 


332. Specific Heat of Solids and Liquids. — Experi- 
ment shows that different bodies require different amounts 
of heat to elevate their temperatures through the same num- 
ber of degrees. 

If equal weights of water, iron, and mercury have the same 
amount of heat communicated to them, the mercury will be 
most heated, the iron next, and the water least of all. 
When heated to a certain temperature, water absorbs ten 
times as much heat as iron, and thirty-three times as much 


as mercury. 
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Conversely, if the same quantities of these substances at 
212° F. are allowed to cool down to the temperature of the 
atmosphere, the water will require a much longer time than 
either the iron or mercury, and will give out more heat. 

In order to compare bodies with respect to the quantity of heat 
they absorb or give out, we take as a standard unit the amount of 
heat necessary to raise a given weight, say one pound, of water 
through 1° F. This is called a wnt of heat. 


333- Definition of Specific Heat. — Specific Heat indi- 
cates the quantity of heat required to raise one pound of any 
substance 1° F., compared with the quantity necessary to raise the 
same weight of water 1°. 

Thus it requires 3!5 as much heat to raise a pound of mercury 1° as 
it requires in the case of a pound of water, that is, 345 of a unit of 
heat. Hence we say that the specific heat of mercury is 34, or 
033. 

Two principal methods have been employed to ascertain 
the relative specific heat of bodies: (1) Zhe method of mitx- 
ture; (2) By melting ice. 


334. The Method of Mixture. —In this method the 
body to be experimented upon is heated to a certain tempera- 
ture, and then plunged into water at a lower temperature. 
The two bodies interchange heat and come to a common tem- 
perature. Then, froma knowledge of the weights of the two 
bodies mixed, their original temperatures, and their common 
resulting temperature, their relative specific heats may be 
determined. 

If we mix one pound of mercury at 68° with one pound of water at 
32°, the temperature of the mixture will be 33.15°. The water, 
therefore, has gained 1.15 units of heat. 

This amount of heat, also, is evidently sufficient to raise the tem- 
perature of one pound of mercury from 33.15° to 63°, that. is, 


through 34.85°. 
Now, if 1.15 units of heat can raise the temperature of one pound 
of mercury 34,.85°, it will take as many units to raise it 1° as 34.85° 
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is contained in 1.15, which gives as a result, .033 of one unit. 
‘This decimal expresses the specific heat of mercury. This method is 
simple and reasonably accurate, if proper care be used. 


335. Method by Melting Ice. — In this method the 
bodies to be experimented upon are taken of equal weights, 
brought to a standard temperature, say 212° I°., and then 
brought into contact with ice. The amount of ice melted 
makes known the quantity of heat given off by the bodies in 
passing from 212° to 32°, from which the relative specific 
heats may be determined. . 

An instrument called the calorimeter (Fig. 216) is used in 
this method. J/ contains the heated body, A the ice to be 
melted, D the outlet for the water of the 
melted ice. Ice is also placed at B to 
prevent the heat of the air from melting 
the ice at A. There is an outlet at # for 
the water which comes from the liquefac- 
tion of the ice in &. We can tell how 
much ice is melted by the different bodies 
by measuring the respective quantities of 
water that run off at D. 

It will be found that equal weights of iron, 
sulphur, and mereury will melt, respectively, ,4, 
and 3'5 as much ice as the same weight of water. 
Calling the specific heat of water wnity, these 
fractions express the specific heat of the substances. Either of these 


inethods may be used to find the specific heat of solids and liquids. 

That the specific heats cf different substances differ very widely 
from one another can be clearly seen from the following experiment. 
Take five balls of equal weights, made of iron, tin, eopper, lead, and 
bismuth. Heat them to the same temperature, say 800° F.; then 
place them (Fig. 217) on a disk of wax. Every ball gives up some 
of its heat to the wax, causing it to melt. 

The iron goes through the disk first, the copper next, then the tin, 
while the lead and bismuth are slower in their action, and will re- 
main in the sheet of wax unless very thin, 
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336. Specific Heat of Gases is determined by pass- 
ing a current of gas at a given temperature through a spiral 
glass tube placed in water. By noting the increase of tem- 
perature of the water, and knowing also the weight of the 
gas and the temperature to which it has been cooled, its spe- 
cific heat can be calculated by a process similar to that given 
under the method of mixtures. 


The same body has in the liquid state a greater specific heat than 
in the solid or gaseous. Thus, for instance, the specific heat of water 
is double that of ice and more than double that of steam. 


: Fig. 217. 


Hydrogen is tlie only known substance that has greater specific 
heat than water. 

The following tables show the specific heat of afew of the most 
important substances, water being represented by. unity. 

The numbers express the average values for temperatures between 
o2° and 112° F. 


TABLE FOR SOLIDS. 


Substance. Specific Heat. Substance. Specific Heat. 
GRICE Ts a Si as TT Silver . .057 
Ibojar ray en eee ee 114 Platinum . 032 
VEIN 0 ee 096 dine .056 
Copper 2 » + ; 095 Lead 031 
Golde. ss = .082 Antimony .050 
Mole es ene HOA Sulphur .202 


7% 
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Substance. Specific Heat. | Substance. Specific Heat. 


Bileonholl 39 5 548 Ether . a. 

Benzine % B95 Oil of Turpentine . 

Mercury 5 29 2: 083 | Acetic Acid . 

i 
TABLE FOR GASES 
Substance. Specific Heat. Substance. Specific Heat. 

Hydrogen... 3.410 SC | a 480 
Nitrogen. . .. 243 AT Aw eles ee 237 
Oxyoen ey... 27 Chlorine . « sil 


337- Sources of Heat. — The principal sources of heat, 
are: the sun, electricity, combustion by chemical combination, 
pressure and percussion, and friction. 


1. The Sun.—The sun is the most abundant source of 
heat. We are ignorant of the cause of heat in the sun’s 
rays. 


It has been computed that the heat received from the sun by the 
earth in a year is sufficient to melt a layer of ice extending over the 
entire globe, and 100 feet in thickness. Yet on account of the great 
distance of the earth from the sun, and its comparatively small size, 
it can receive only the minutest portion of the heat which the sun 
radiates in all directions. 

2. Electricity. —The subject of heat due to electricity will 
be treated of under the head of Electricity. 

3. Combustion by Chemical Combination. — Chemical com- 
hinations are generally accompanied by a disengagement of 
heat. When they take place slowly, the heat is inappreciable ; 
but when they take place rapidly, there is often produced an 
intense heat, and sometimes a development of light. 


Combustion is one form of chemical combination. The forms of 
combustion exhibited in our fireplaces and our lamps is a eombina- 
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tion of the carbon and hydrogen of the wood and oil with the oxygen 
of the air. The products of such forms of combustion are watery va- 
por, carbonic acid, with gases and volatile products that appear under 
the form of smoke. Combustion is a decomposition of certain sub- 
stances, accompanied by a composition of new products. In this 
change no element is lost, simply a change of form takes place. 

The flame produced in combustion is a mixture of gaseous and 
volatile matters, heated red-hot by the heat disengaged in the process 
of combustion. 

The process of respiration is a species of slow combustion, in which 
the carbon and other matter of the blood unites with the oxygen of 
the air. This species of combustion gives rise to the heat of the 
body of men and animals. This heat is called animal heat. 

Fermentation is a chemical process that gives rise to heat. 

4. Pressure and Percussion. — Whenever a body is com- 
pressed so as to reduce its 
volume, heat is developed. 
The greater the compression, 
the greater the amount of 
heat developed. If gas be 
suddenly and violently com- 
pressed (Fig. 218), the heat 
generated is sufficient to set 
fire to inflammable bodies. 

Percussion is a source of 
heat. If a body, like a 
piece of metal, for exam- 
ple, be hammered, it soon 
becomes hot. It is percus- 
sion that causes the heat 
when a flint is struck against 
a piece of steel. In this 
case there is a piece of the 
steel detached and rendered 
red-hot by the collision. 

5. Friction. — Friction is 
the resistance which one 
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body offers to another when they are rubbed together. This 
resistance is accompanied with a great development of heat. 
{n this way many savage tribes procure fire, by revolving the 
end of one piece of dry wood in the cavity of another. 
Pieces of ice, when rubbed together, generate heat enough to 
melt them. In machinery, the friction on axles often sects 
them on fire, especially when lubrication has been neglected. 

The development of heat by friction can be strikingly shown with 
the apparatus devised by ‘Tyndall. 


i: f 


i) 


er 


Fig. 219. 


A brass tube, about 7 inches in length and } of an inch in diame- 
ter, is nearly filled with water and corked. This is attached to a 
whirling table, as represented in Fig. 219. When the tube is 
rotated rapidly and pressed with a wooden clamp, the friction pro- 
duced heats the water in a few minutes to the boiling-poitt, and the 


cork is driven out by the steam. 


338. Sources of Cold. —The principal sources of cold 
are: fusion, vaporization, expansion of gases, and radiation of 
heat. 

1. Fusion. — When a body melts, it absorbs heat from the 
surrounding bodies, which becomes latent in the melted 
body. 
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2. Vaporization. — When a liquid passes to a state of 
vapor, it absorbs heat, which becomes latent in the vapor. 
Both of these causes of cold have been considered already. 

3. Hxpansion of Gases. — When a gas is compressed, it 
gives out heat; and, conversely, when it expands, it absorbs 
heat. This heat acts to keep the particles asunder, and the 
farther apart the particles are kept, the greater the amount 
of heat required. 

Heat is the repulsive force that keeps a body in a gaseous state at 
all, or even in a liquid state. 

If air be compressed in a condenser and then allowed to escape 
into the atmosphere, a slight cloud will be formed; this is due to the 
cold generated by the expanding air, which condenses the vapor in 
the air. This experiment illustrates the manner in which clouds are 
formed in the upper regions of the atmosphere. 

4. FRadiation.— Radiation produces cold in the radiating 
body, because radiation is simply giving off heat. 
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SECTION VIII. — THERMO-DYNAMICS,. 


339. Definition of Thermo-dynamics.— The science 
which treats of the connection between heat and the mechani- 
cal work it can perform, and determines, by means of num- 
bers, the relation between the quantity of heat supplied and 
the quantity of work done, is called 7'hermo-dynamies. 


340. Conservation of Energy. — Energy, as previously 
defined, is the power of doing work, and consists of two 
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types, kinetic and potential. There can be no destruction or 
creation of energy, in any of its varied forms, by any means 
at our command. 

As the quantity of matter in the universe is invariable, so is the 
quantity of energy. Neither can be annihilated. Heat, we have 
seen, is a form of energy. If put out of existence as heat, it re- 
appears in some other form of energy; but the energy itself, the 
power of doing some kind of work, of overcoming some kind of 


resistance, remains undiminished. 


The principle of the conservation of energy when applied 
to heat is commonly called the First Law of Thermo-dynam- 
ics, which may be stated as follows: When heat 7s transformed 
into work, or work into heat, the quantity of heat is equivalent 
to the quantity of work. 


341. Mechanical Equivalent of Heat. — The law 
given in the last article was established in a large measure 
by the following experiment of Joute. 

The apparatus used by him consisted of a brass paddle-wheel 
(Fig. 220), furnished with cight sets of revolying arms working 
between four sets of stationary vanes. The vanes, V V’, are seen in 
the enlarged section at the left ; also the paddles, PP’. 


ae 
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These parts of the apparatus are enclosed in a cylindrical copper 
or brass vessel, B, which is filled with water. The vanes prevent 
the water from being carried round bodily in the direction of rotation. 
The descent of the weight, W, causes the paddles to turn by means 
of the cord, 7. 

The friction of the paddles against the water raises its tempera- 
ture, which is measured by the thermometer, ¢ It was found by 
JOULE with this machine that the quantity of heat which would raise 
one pound of water 1° F. is exactly what would be produced if a 
pound weight, after having fallen through a height of 772 feet, has 
its motion arrested by collision with the earth. The same effect 
would be produced by 772 pounds falling one foot. 

Conversely, the amount yf heat necessary to raise a pound of wa- 
ter 1° would, if it could be all utilized, be capable of raising a pound 
weight 772 feet high, or 772 pounds one foot high. 

Now, the force necessary to raise one pound one foot is called a 
foot-pound. Then 772 foot-pounds are equivalent to one unit of 
heat. Physicists now call 772 foot-pounds the mechanical equivalent 
of heat. 

By repeating the experiment with other liquids, and by using a 
smaller apparatus with an iron paddle-wheel revolving in mercury, 
JOULE obtained results similar to those where water was used. 


342. Transformation of Energy. — The great charac- 
teristic of energy is its capability of being, as a general rule, 
readily transformed, and yet, in all its transformations, the 
quantity present remaining precisely the same. 


We can explain this principle best by examples. The motion of 
the hammer when brought down upon a piece of metal is changed 
into heat; and could we gather up the heat produced by the shock 
of the hammer, and apply it without loss, it would lift it to the 
height from which it fell. 

Pouring mereury from one cup to another raises its temperature. 
The water at the base of a cataract has a higher temperature than 
that at the top. The heat in these two instances is generated by the 
arrested motion of the mercury and water, and the friction of their 
inolecnles against the air. When a train of cars is stopped the 
motion is changed into heat. A bullet going through the air is 
warmed by friction. If the earth’s motion should be suddenly ar: 
rested, immense heat would be developed. 
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We have an example of the conversion of heat into me- 
chanical energy in the case of the steam-engine. The heat 
changes the water into steam, and this, by means of the ex- 
pansive force it also receives from the heat moves a piston. 

We have here a change of invisible molecular motion to 
visible motion of the mass. 

The heat produced in the body by the various changes the food 
undergoes, in digestion and assinilation, is expended in museular 
activities. 

The heat energy of the sunbeam is stored up in coal in the ferin 
of potential energy. 

We might multiply examples indefinitely if there were space for 
further illustration of the principle. 


343. Dissipation of Energy. — We find it a compara- 
tively easy matter to convert mechanical energy into heat, 
but we cannot get all the heat back again into work. During 
the process of converting heat into mechanical effect, there is 
always a transfer of a large quantity from a body of a higher 
to one of a lower temperature, without any work being 
done. 

Take, for instance, the steam-engine. Some of the heat, it is 
true, is doing useful work in conferring expansive power upon the 
steam; but a large portion of it is lost, so far as conversion into 1ne- 
chanical energy is concerned, in heating the machinery and by radia- 

tion into the air. 
It is daimed that mechanical energy is changing more and more 
into heat, and that all bodies will, by conduction and radiation of 
this heat, eventually acquire the same temperature. 

And since we cannot get any work out of heat unless we have 
bodies of different temperatures —for heat passes from hotter to colder 
substances, — therefore, when the whole universe has reached the same 
temperature, all forms of life and motion will cease, and the earth 
will be no longer habitable by man. All the energy that exists will 
be in the form of diffused heat. This principle, called Dissipation, 
or Diffusion, of Energy, was first pointed out by Sir WILLIAM 
THOMSON. 
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344. The Steam-Engine. — A Sream-EN-INE is a com- 
bination of pieces for utilizing the expansive force of steam 
and converting it into a motive power. ) 

It consists essentially of two parts: first, the boiler, in 
which the steam is generated ; secondly, the cylinder, where 
the expansive force of the steam is applied. 


345. The Power of Steam. — Let 4 B (Fig. 221) repre- 


sent a glass tube of uniform bore, and C, a piston, fitting it steam- 
tight, and suppose a little water to be in the tube 
below the piston. If heat be applied to the bottom 
of the tube by means of a spirit-lamp, the water 
will be converted into steam, and the piston will 
be driven to the top of the tube. If the lamp be 
removed, and the tube allowed to cool, the steam 
will be condensed, and the pressure of the atinos- 
phere will drive the piston back to its original posi- 
tion. By again applying heat, and withdrawing it, 
the operation may be repeated, and so on indefinitely. 
This simple experiment involves the fundamental 


idea of the steam-engine. 
Under the ordinary pressure of the atmosphere, a 
cubie inch of water gives 1,700 cubic inches, or nearly a cubie foot, 


Fig. 221. 


of steam. In this case the expansive force of the steam is in equilib- 
rium with the pressure of the atmosphere, and it is said to have a 
tension of 15 pounds to the square inch. If a eubie inch of water be 
converted into steam, under a pressure of two atmospheres, it will 
yield but 850 eubie inches of steam, but the tension will now be 380 
pounds to the inch. 

In general, the volume of steam yielded by a given voluine of wa- 
ter varies inversely as the pressure under which it is generated, and 
in all cases the fension of the steam is equal to this pressure. In 
round numbers, we may say that the conversion of a cubie inch of 
water into steam produces a quantity of work sufficient to raise a 
weight of one ton through a height of one foot. 


346. Varieties of Steam-Engine. — Steam-engines may 
be either condensing ov non-condensing. In the former, the 
steam, after having acted upon the piston, is condensed, and 
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the warm water returned to the boiler; in the latter, the steam 
is not condensed, but, after having acted upon the piston, is 
blown off into the air. In condensing engines steam may 
be, and often is, used of a lower tension than 15 pounds to 
the inch, in which case the engines are called low-pressure en- 
gines. In non-condensing engines steam is always used of a 
tension greater than 15 pounds to the inch, and the engines 
are then called high-pressure engines. 


Condensing engines are more economical of fuel, but are heavier 
and more complex in their construction. Hence they are generally 
used as stationary engines. Non-condensing engines are used for 
locomotives, and where fuel is cheap are often employed as stationary 
engines. 

The efficiency of a steain-engine is measured in terms of a unit 
called a horse-power, that is, a force which is capable of raising a 
weight of 33,000 pounds through a height of one foot in one minute. 
Thus, an engine that can perform a work equivalent to raising 33,000 
pounds through 10 feet in one minute is said to be an engine of LO 
horse-power. 


347. Boilers and their Appendages. — The Borter is 
a shell of metal, generally of wrought iron, but sometimes of 
copper, in which steam is generated. 


Boilers are made of various shapes. One of the simplest has the 
form of a cylinder with rounded ends. Sometimes two smaller cyl- 
inders, also with rounded ends, called heaters, are placed below the 
main shell, and connected with it by suitable pipes. The object of 
this arrangement is to increase the heating surface. In the Cornish 
boiler the cylindrical shell has a large flue passing through it, con- 
taining an internal furnace. Sometimes two such flues exist. The 
tubular boiler has a great number of tubes, or flues, passing through 
it, for transmitting the flame and heated gases from the furnace. 

The boiler and its appendages are variously arranged in different 
engines, the object in all cases being to obtain the greatest amount of 
steam with a given quantity of fuel. In stationary engines the furnace 
is usually made of brick or some other bad conductor of heat, and the 
flues are so arranged as to bring the flame and heated gases in contact 
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with as large a portion of the boiler as possible. In locomotive en- 
gines the fire-box is made of boiler-iron, and is so constructed that it 
is nearly surrounded by the water in the boiler. 


Fig. 222 represents a side view, and Fig. 223 a cross- 
section of a cylindrical boiler with the heaters attached, such 
as are used for stationary engines. 


These heaters, indicated in the figure by Bb, are filled with 
water, and conuected with the boiler by the tubes, P P P, while the 
boiler is only about half full. 

The flaine of the furnace, ¢, plays directly against the heaters; 
the heated gases and sinoke are returned under the main cylinder 


in the flue, O (Pig. 223), and finally discharged into the chimney 


Witte, 


VU 


\ 
\ 
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Fig. 222. Fig. 223. 


through the side flues, va. The heat is thus utilized to a greater 
extent. 

The principal appendages of the boiler are the following, as rep- 
resented in Fig. 222. 

Furnace, or fireplace, ¢. 

The alarm-whistle, s, so arranged as to be opened by the fleat, f, 
when the level of the water falls too low. 

Another kind of indieator of the level of the water in the boiler is 
represented at f’. It consists of a float connected with a ecounter- 
poise by a wire passing over a pulley, and through a packing-box in 
the top of the boiler. The position of the eounterpoise tells the 
height of the water. 

Still another indicator, which is sometimes used, is seen atm. It 
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consists of a thick glass tube, bent twice at right angles, the lower 
end being under the water and the upper end above. ‘The water will 
stand at the same level in the tube as in the boiler. 

P represents the safety-valve (see Art. 319). 

v, the pipe that conducts the steam to the steam-chest. 

a, the pipe for the adinission of feed-water tothe boiler; it reaches 
nearly to the bottom. 

h, the man-hole, an aperture by which the boiler can be repaired 
and cleansed. 

RR, the damper to regulate the draught. 

C, the flue leading to the chimney. The chimney ts usually of 
great height, so as to secure a good draught. 


348. The Manometer. — The Manometer, or pressure- 
gauge, for measuring the tension of steam in the a is 
not shown in the figure. . 

These are not all based upon the 
same principle. Some are simply 
siphon barometers whose long branch 
is open, the short branch connecting 
directly with the boiler. The steam 
from the botler forces the mercury 
up the long branch, and the higher 
the column the greater the pressure 
of steam. 

This manometer, which is called 


wee i 
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the open manometer, answers well 


enough for low pressures; but for 
hign ones the length of tube neces- 
sary renders it very inconvenient. 

The closed manometer is shown 
in Fig. 224, and differs from the one 
just described in having its vertical 
tube closed at the top. It is gradu- 
ated on the principle enunciated in 
Manriorre’s law. 


it | (I rm it \ ih 
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Fig. 224. 
When the pressure in the boiler is one atmosphere, the mereury 
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in the cistern and tube are at the same level, the tension of the 
steam and the elastic force of the air just balancing each other. 
When the pressure becomes two, three, four, etc., atmospheres, the 
air in the closed tube will occupy one half, one third, one fourth, 
ete., the space it did before, allowance being made for the weight of 
the mercury which is forced up into the tube. The instrument 
having been graduated, its use is evident. When it is desired to 
ascertain the tension of the steam in the boiler, the cock is turned, 
and the height to which the mercury ascends in the tube indicates 
the tension in atmospheres. Any uumber of subdivisions may be 
made in either of the two manometers described. 

The liability of glass tubes to break, and to lose their trans- 
parency by the mercury clinging to their sides, renders them some- 
what objectionable. They are not adapted, either, to machines in 
motion, 


The cheapness of metallic manometers has caused them to 
be used for a great number of boilers. We shall mention 
only the one constructed by 
Bourpon. The principle is 
this: If we allow the steam 
from the boiler to enter a 
flexible and elastic tube, that 
has been flattened a little 
and then coiled, the pressure 
will tend to uncoil it. Shut 
off the steam, and the tube, 
by virtue of its elasticity, re- 
sumes its original position. 

Fig. 225 represents such a 
manometer. One end of the 


Fig. 225. tube is connected with a pipe 

leading to the boiler; to the 

other end is attached a steel needle, which traverses a seale. As the 

vressure of steam on the interior surface inereases, it gradually un- 

coils, and the hand points to the number of atmospheres of pressure. 

When the pressure is removed the needle returns to its former 
position. 
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349. Mechanism of the Condensing Engine. — 
The essential parts of a condensing engine are shown in 
Fig. 226. The figure is only intended to illustrate the prin- 


Fig. 226. 


ciples of the engine, and, for the purpose of illustration. the 
parts are arranged in such a manner as will best exhibit them 
at a single view. 

The principal parts of the condensing engine are the 
following : — 

The cylinder, shown on the left, with a portion broken away. 

The piston, P, which receives the action of the steam, alternately 
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on its upper and lower faces, aud is thereby moved up and down in 
the cylinder. 

The steam-chest, b, into which the steam from the boiler enters 
through the steam-pipe at 0, and from which it passes through the 
steam-passages, alternately to the upper and lower ends of the 
cylinder. 

The sliding-valve, moved up and down by the rod, m, which- 
alternately opens a communication between the steam-chest and 
the two steam-passages leading to the top and bottom of the 
cylinder. 

The eduction-pipe, U, connecting with the cylinder at a, by which 
the steam, after having acted upon the piston, is conducted into the 
condenser, O. 

The piston-rod, A, working through a packing-box, d, which 
transmits the motion of the piston to the working-beam, L. 

The parallel bars, D D, and the radial bars, CE, which keep the 
piston-rod from pressing against the side of the packing-box. This 
arrangement is called Watt's parallel motion. 

The connecting-rod, I, which transmits the motion of the working- 
beam to the crank-arm, K, and through it imparts a motion of 
rotation to the shaft of the engine. 

The fly-wheel, V, which obviates to a certain extent the irregu- 
larities of motion in the engine. 

When the erank is at its highest or lowest position the steam has 
no power to move it. In either of these positions, ealled the dead 
points, the machine would come to rest if it were not for the tly- 
wheel, which, by its inertia, carries the piston and crank over these 
points, and brings them again under the power of the steam. The 
steamboat and locomotive need no fly-wheel, inasmuch as the iner- 
tia of the moving mass suffices. 

The eccentric, e, which, acting like a erank, produces a backward 
and forward motion in the connecting-rod, Z. This rod, acting on 
the bent lever, Y, causes the rod, m, of the sliding-valve, to move up 
and down. 

The cold-water pump, R, worked by the rod, H, which draws cold 
water from a reservoir, and forces it through the pipe, 7, into the 
condenser. This pipe, terminating within the condenser in a rose, 
delivers the water in the form of a shower, and condenses the 
steam, 
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The ar-pump, M, worked by the rod, J’, which draws the hot 
water and the air that is mixed with it from the condenser, and forces 
it into the hot well, NV. 

The feed-pump, Q. worked by the rod, G, which draws the water 
from the hot well and forces it into the boiler. 

To explain the action of the engine, let the position of the parts 
be as represented in the figure. The steam entering the steam-chest 
finds the upper passage open, and, flowing through it, acts upon the 
upper face of the piston and drives it to the bottom of the cylinder. 
The steam below the piston meanwhile flows through the lower pas- 
sage, and, entering the eduction-pipe at a, is conveyed to the con- 
denser, where it is condensed. When the piston reaches the bottoin 
of the cylinder, the eccentric acts upon the bent lever to open the 
lower and close the upper passage. The steain from the steam-chest 
now flows through the iower passage, and, acting upon the lower 
face of the piston, forces it to the top of the cylinder. Meantime the 
steam above the piston, flowing down the upper passage, enters the 
eduction-pipe, and is conveyed to the condenser. When the piston 
reaches the top of the cylinder, the eccentric again acts to change the 
position of the sliding-valve, and thus the motion of the piston is 
continued indefinitely. 


350. The Governor.—In many engines the supply of 
steam to the cylinder is regulated by an apparatus called the 
governor. One form of this contrivance is shown in Fig. 227. 


A B is a vertical axis, connected with the machine near its work- 
ing point, and revolving with a velocity proportional to that of the 
working point; YH and GD are arms 
turning with the axis, and bearing heavy 
balls, D and £, at their extremities; the 
arms are attached by hinge-joints at G and 
F to two bars, CG and CF, and these bars 
are connected by hinge-joints with the axis 
at C. The arms, FF and GD, are also con- 
nected by hinge-joints with a ring, H, which 
is free to slide up and down the axis, A B. 

When the axis revolves, the centrifugal 
force developed in the balls causes thei to 
recede from A B, and depresses the ring, H. This causes the lever, 


Fig. 227. 
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BK, to turn about its fulerum, A, and when the velocity has become 
sufficiently great, the lever operates to close a valve and shut off the 
motive power. When the velocity again diminishes, the balls ap- 
proach the axis, the ring, H, rises, and the valve is opened. The 
governor may be adjusted so as to secure any desirable velocity at 
the working point. 


351. Action of the Eccentric. — The automatic move- 
ment of the sliding-valve by means of the eccentric needs a 
more detailed explanation than is given in the preceding 
article. 

The eccentric (Fig. 228) consists ef a circular piece of metal, ¢, so 
attached to the shaft of the engine that its centre does not coincide 
with the axis of rotation. 

The eccentric is surrounded with a ring of metal which does not 
rotate, but follows the motion of the eccentric, thereby receiving a 


Fig. 228. 


motion back and forth in a horizontal direction. This movement is 
transmitted by the arm, 7, to the bent lever, a be, eausing it to turn 
about the point, b. This rotation of the lever raises and lowers 
alternately the rod, d, which is connected with the sliding-valve ; 
thus an upward and downward motion is also imparted to this 
valve. 


352. The Locomotive. — Fig. 229 represents a section of 
a locomotive, the principal paris of which are the following : — 

The boiler, BB, with its flues, pp, and safety-valve, M. The 
dotted line represents the height of the water in the boiler. 

The fire-box, A, communicating with the smoke-box, C, by means 
of the flues, pp. The fire-box has a double wall, the interval being 
filled with water and communicating with the boiler. 2 is the grate, 
and D the door for the supply of fuel. 

The steam-pipe, SS, conveys the steam from the steam-dome to 
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the steam-chest. It may be closed by a valve, V, worked by a 
lever, L. 

The steam-dome is an elevated portion of the boiler, the objeet of 
which is to permit the steam to enter the steam-pipe without any 
admixture of water, as might be the case were the steam taken from 
a lower level. 

The cylinder, the piston, P, and the piston-rod, R, are similar to 
the corresponding parts of the condensing engine. 

The blast-pipe, L’, through which the steam is blown off after 
having acted upon the piston, terminates in the smoke-box, and the 
blast of steam from it serves to increase the draft of air through the 
flues, and thus promotes the combustion of fuel. 

The connccting-rod, G, transmits the motion of the piston to 
the crank-arm, by means of which a rotary motion is imparted to 
the driving-wheels of the locomotive. 

The manner in which steam acts to impart motion to the piston is 
the same as in the engine already described. 
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353- Hygrometry. — Hycrometry is the process of 
measuring the amount of moisture in the air with respect te 
the arnount necessary te saturate it. 

When a given space has taken ali of the vapor that it can 
contain, it is said to be saturated. Fer example, if water be 
poured into a bottle filled with dry air, and the bottle be her- 
metically sealed, a slow evaporation will go on until the ten- 
sion of the vapor given off is equal to the tendency of the 
remaining water to pass into vapor, when it will cease. In 
this case the space within the bottle is saturated. 

If the temperature varies, the amount of vapor required to saturate 
a given space will vary also. ‘The higher the temperature, the 
greater will be the quantity of vapor required to saturate the given 
space; and the lower the temperature, the less the quantity required 
for saturation. 

The quantity of watery vapor in the atmosphere varies with the 
seasons. temperature, climate, and different local causes; but not- 
withstanding the continued ecyaporation that is taking place from 
lakes, rivers, and oceans, the air in the lower regious of the atmos- 
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phere is never saturated. The reason is, that the vapor, being less 
dense than the air at the surface, rises into the higher regions, where 
it is condensed by the greater cold existing there, and falls to the 
earth in the form of rain. 

The object of hygrometry is not to determine the absolute amount 
of moisture in the atmosphere, but simply to find out its degree of 
saturation, or, in other words, its dwmidity. When the air is com- 
pletely saturated, its humidity is said to be 100; when half saturated, 
50; and so on. The absolute amount of moisture remaining the 
same, the atmosphere might at one temperature be saturated, whilst 
at some other temperature it would be far from saturation. 

In winter the air is generally damper than in summer, though in 
the latter season it generally contains a greater absolute amount of 
vapor than in the former. This is due to difference of temperature. 
For the same reason the air is damper at night than in the daytime 
and a cold room is damper than a warm one. 


354. The Hygroscope. — A Hycroscorr is an instru- 
ment for showing the amount of moisture in the air. 

Any substanee capable of absorbing moisture may be em- 
ployed as a hygroscope. A great number of animal and 
vegetable substances, such as paper, parchment, hair, catgut, 
are elongated by absorbing moisture, and are shortened when 
dried, and are therefore adapted to the construction of a 
hygroscope. 

Instrunents of this kind are very uncertain in their action, and 
are therefore used as inatters of curiosity rather than for any scientific 
value they may possess. 


355. The Hygrometer. — A HyGromerer is an instru- 
ment for measuring the amount of moisture in the air. 

Several kinds have been invented, the most important of 
which are, 1. hygrometers of absorption; 2. dew-point hy- 
grometers ; 3. wet and dry bulb hygrometers. 

The hygrometers of the first class are really hygroscopes. 
The hair hygrometer is the most trustworthy of this class. It 
is based on the property which organic substances have of 
elongating when moist, and contracting when dry. 
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The hair is connected with a needle, and by its expansions and 
contractions causes it to move over an are, thus indicating that the 
air is more or less ncist. To this class belong those chimney orna- 
ments that indicate moisture in the air. They are founded on the 
property which twisted strings or pieces of catgut possess of untwist- 
ing when moist and twisting when dry. 


356. Daniell’s Dew-Point Hygrometer. — The tem- 
perature at which vapor is deposited in the form of dew is 
called the dew-potnt. Daniell’s hygrometer enables us to de- 
termine the amount of vapor in the atmosphere by indicating 
the dew-point. 

It consists (Fig. 250) of two bulbs connected by a siphon- 
tube, from which the air has been expelled by hermetically 
sealing the bulb, 4, when the 
instrument is filled with ether 
vapor. The bulb, A, is about 
half filled with ether, and con- 
tains the bulb of a small ther- 
mometer. Ais made of black 
glass, so that the deposition 
of dew may be more readily 
perceived. 


The bulb, B, is covered with 
muslin, and ether is dropped upon 
it. This evaporates from the 
muslin, cools the bulb, B, con- 
denses the vapor of ether in it, 
and causes rapid evaporation from 
the surface of the liquid in the 
bulb, A. This is cooled untilthe = : 
air in contaet with it sinks below SSS 
the dew-point and moisture col- Fig. 230. 
lects on the bulb. At the moment of deposition the height of the 
mereury in A is noted. The addition of ether to the bulb, B, is 
then discontinued, the temperature of A rises, and the dew disap- 
pears. When this takes place, read the thermometer in A again. 
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The two observations should not differ much from each other, and 
their mean is the dew-point. The thermometer in the centre of the 
stand gives the temperature of the air. 

The nearer the dew-point is to the temperature of the air, the 
nearer the air is to being saturated with vapor. 


357. The Wet and Dry Bulb Hygrometer. — This 
instrument consists of two similar thermometers, placed on a 
stand a short distance from each 
other, as shown in Fig. 251. The 
bulb of one is covered with muslin, 
and is kept moist by means of a 
wick dipping in water. The bulb 
of the other is kept dry, and indi- 
cates the temperature of the air. 


= 


The evaporation that takes place from 
the wet bulb lowers its temperature be- 
low that of the other thermometer. 

The greater the difference between 


the readings of the two thermometers, 


the dryer is the air, or the further from 


| 
| 


complete saturation. 

The evaporation will go on unless 
the air is fully saturated. 

This hygrometer, on account of the 
facilities of observation it affords, is 
more generally used than any other. 


a 358. Mists, Fogs, and Clouds. 
Fig. 231. — Mists, Focgs, and Croups are 
masses of vapor condensed into drops or vesicles by coming 
in contact with colder strata of the atmosphere. The term 
fog or mist applies when these masses are in contact with the 
earth, and the term e/oud when they are suspended in the 
air. A fog differs from a mist more in degree than in kind. 
We generally call a very thick mist a fog. 
The air at all times contains a greater or less quantity 
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of invisible vapor, and if at any time the air becomes cooled 
below a certain limit, a portion is condensed and becomes 
visible ; the result is either a fog or a cloud. 

One of the most common causes of clouds is the cold generated by 
an ascending current of air. When the air becomes heated it ex- 
pands and ascends, and, being continually subjected to a diminishing 
pressure, it expands rapidly, and a large amount of heat wnust become 
latent. This absorption of heat produces cold enough to condense 
the vapor into clouds. When a cloud floats into a warmer stratum 
of the atmosphere, it is often converted into invisible vapor and dis- 
appears. It is dissolved. 

Mountains arrest the winds blowing from the plains, and force 
them to ascend their sloping sides. Coming in contact with the 
colder strata of the atmosphere, the moisture is converted into clouds 
and fogs. Hence we often see the mountain-tops covered with fogs 
and clouds when the other portions of the sky are clear. The con- 
densation of water on the sides of mountains is the most fruitful 
source of our streams. When a cold wind meets with a warm and 
moist current of air, the cooling process is so great as to generate 


clouds. 


Two theories have been advanced to explain the reason 
why clouds remain suspended in the air. According to the 
first theory, the particles of moisture are hollow spheres of 
water, like soap-bubbles, filled with air less dense than that 
without. Consequently the little vesicles float in the air like 
so many minute bailoons. According to the second and 
favorite theory, the particles are extremely small, and float in 
the air in the same way that particles of dust and other small 
bodies are seen to be borne along by the atmosphere. 


Fogs and mists form over bodies of water and moist grounds, 
when the air above them is cooler than the water or earth. 

They are frequent along the course of rivers and upon inland 
lakes. The cause of the dense fogs that prevail in the neighborhood 
of Newfoundland is the Gulf Stream. The water brought by the 
Gulf Stream is warmer than that of the surrounding ocean, and as 
the vapor rises from it, it is converted by the cold air from the neigh- 


boring regions into fog. 
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359. Varieties of Clouds. — Clouds have been divided. 
according to Howard, into four principal kinds: nimbus, stra- 
tus, cumulus, and cirrus. These four kinds are represented in 
Fig. 232, and are designated, respectively, by one, two, three, 
and four birds on the wing. 

Howard calls any cloud nimbus from which rain is descending, 
although it is not strictly one of the fundamental varieties, but a 
combination of several. 


The stratus clouds cousist of horizontal sheets. They oeeupy a 
low position in the atmosphere. ‘They are frequently formed at sun- 
set and disappear at sunrise. 

The camulus clouds are rounded masses that look like mountains 
piled one on the other. They are summer clouds, 

The cirrus clouds are light, feathery clouds, aud oceupy the high- 
est regions of the atmosphere. They are probably composed of 
frozen particles, 

It immust not be supposed that these four fundameutal forms are 
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always distinctly outlined in the atmosphere. They frequently pass 
into one another and form intermediate types. 


360. Rain. — Rain is a fall of drops of water from the 
atmosphere. When several particles of a cloud unite, the 
weight becomes too great to be supported by the air, and 
the drop thus formed falls to the ground. 

When a cloud floats into a colder stratum of the atmosphere, it 
becomes more condensed, and we have a fail of rain. When it floats 
into a warmer stratum, it dissolves. Hence we often see the clouds 
of the morning dissolve under the influence of the sun, which acts to 
heat the upper regions of the atmosphere. 

The quantity of rain that falls in any country depends upon 
its neighborhood to the ocean or other bodies of water, upon 
the season, upon the temperature, and upon the prevailing 
direction of the winds. More rain falls near the coasts than 
in the interior; more rain falls in summer than in winter; 
more rain falls in tropical climates than in temperate and 
polar climates ; and, finally, more rain falls in those countries 
where the prevailing winds are from the ocean than where 
they are from the continents. 

The following table indicates the number of inches of rain that 
full during the year at the places named : — 


Ay Copenhagen. . . =; «. . J8 inches. 
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From this we see that the quantity of rain increases rapidly as we 
approach the equatorial regions. 


361. Dew and Frost. — Dew is a deposition of watery 
particles that takes place upon the soil and plants during the 
calm nights of summer. 

The true theory of dew was first established by We ts. 
According to his theory, dew results from the earth and 
plants becoming cooled by radiation, thus producing a de- 
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posit of moisture from the neighboring strata of air. Good 
yadiators are soonest covered with dew, whilst bad radiators 
have little or no dew formed upon them. 


The state of the atmosphere influences the amount of dew. 
When the air is elear the dew is abundant ; when cloudy, little or 
no dew is formed. In this case the clouds reflect back the radiated 
heat, aud thus prevents the earth from cooling so rapidly. A strong 
breeze prevents the formation of dew by removing the strata of air 
next the earth before they have time to be cooled down to the point 
of saturation, or the dew-point. A gentle breeze may facilitate the 
formation of dew by replacing the layer of air from which the water 
has been deposited by another which contains more moisture. 

The freezing of water artificially in the tropical climate of India, 
depends upon this same principle of the radiation of heat from the 
earth during the night. Shallow pits are dug and in them some 
straw is laid, and upon the straw are placed broad, flat pans of water. 
The water loses its heat by radiation, and not being able to receive 
an equivalent supply from the earth on account of the poor conduct- 
ing power of the straw, its temperature sinks below the freezing point 
and ice is formed, (The drops of water and the coating of frost seen 
on the glass of our windows in winter, are explained in Art. 326.) 

The nearer the air is to saturation, the more abundant is the de- 
posit of dew. Hence, before a rain, the deposit is specially abun- 
dant. Stone walls aud the like, being cooler than the atmosphere, 
are often in summer covered with moisture, wnen they are said to 
sweat. The moisture in this case is condensed from the air. 


Wuite Frost is nothing more than frozen dew. It is 
often seen in autumn, and arises under the same circum- 
stanees as are favorable to the formation of dew. In order 


. 


that frost may occur, the earth must be cooled below 32° F. 


It is often said that it freezes harder when the moon shines than 
when it is coneealed by clouds. This is the ease, but the moon has 
nothing to do with the freezing. The trne explanation of the phe- 
nomenon is this: When the moon shines, it is generally cloudless, 
and the radiation goes on more rapidly, and of course a greater de- 
gree of cold is produced. On the contrary, when the moon is ob- 
scured, it is generally cloudy ; and the clouds as stated above reflect 
hack the heat, and the heat they send back to the earth is nearly or quite 
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enough to compensate for that radiated from the earth ; hence the 
process of freezing is either retarded or entirely prevented. 

Plants are good radiators, hence they are inore likely to be affected 
by frost than other objects. To proteet them from frost we cover 
them with mats, which prevent radiation, or rather reflect back the 
heat that the plants throw off. 


362. Snow and Hail. — Snow is formed by the freezing 
of vapor in the upper regions of the atmosphere, whence it 
falls to the ground in flakes. 


Snow-flakes are made up of crystals, arranged in star-like 
forms, with three or six branches, differently arranged, but 
always remarkable for their regularity and beauty. When 
snow fills, the temperature of the air is near 32° F. If the 
temperature is much lower, the snow is less abundant, be- 
cause the amount of yapor in the air is less. 

Fig. 233 shows sone of the forms as seen through a miseroseope. 

The quantity of snow that falls in any place is generally the 
greater as the place is nearer the pole, or as it is higher above the 


level of the ocean. At the poles, and on the suminits of high moun- 


” 
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tains in all latitudes, snow remains through the entire year. As we 
approach the equator, the region of perpetual snow rises higher and 
higher above the level of the ocean. In the Andes, under the equa- 
tor, the limit of perpetual snow is between 15,000 and 16,000 feet 
above the level of the ocean; in the Alps it is ouly 10,500 feet above 
the level of the ocean; toward the northern extremity of Norway it 
is but 3,000 feet above the ocean level. 

Hart is composed of layers of compact ice, arranged con- 
centrically about nuclei of snow. The formation of hailstones 
has never been satisfactorily explained, especially the great 
size of some of them. 


Hail is supposed by some to be due to the freezing of rain-drops in 
their passage through strata of air colder than those in which they 
were formed. 

Others suppose a cold current of air forces its way into a mass of 
air much warmer than itself and nearly saturated, the temperature 
being reduced below 32° F. 


363. Winds. —Winps are currents of air, moving with 
greater or less rapidity. ‘They are generally named from the 
quarter whence they blow; thus, a wind that blows from the 
east is called an east-wind, and so for other winds. Winds 
are sometimes named from some local peculiarity. Thus, we 
have trade-winds, monsoons, siroccos, and the like. ‘The pre- 
vailing directions of the wind are different in different coun- 
tries, for reasons that will be explained hereafter. 


364. Causes of Winds. — Winds are caused by varia- 
tions of temperature in the atmosphere; these variations 
produce expansions and contractions, thus disturbing the 
equilibrium of the atmosphere, causing currents. ‘These cur- 
rents are winds. For example, if the air is more heated over 
one country than over the neighboring countries, it dilates 
and rises, its place being supplied by the colder air which flows 
in from the surrounding regions. The surplus of air thus 
brought in flows over at the top of the ascending column. 
Hence there is a current near the earth in one direction, whilst 
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ata higher elevation there is a current flowing in a contrary 
direction. 


365. Regular, Periodic, and Variable Winds. — 
Winds are divided into three classes: Reautar Winps, 
Preriopic Wrinps, and VaRIABLE WINDs. 

1. Regular Winds. — Regular winds are those which blow 
throughout the year in the same direction. They occur in 
the neighborhood of the equator, extending on each side 
about 30 degrees. From their advantage to commerce they 
are called trade-winds. On the north side of the equator they 
blow from the northeast; on the south side they blow from 
the southeast. 

The trade-winds arise from currents of air flowing from the polar 
regions towards the equator; the velocity of the earth about its axis 
being greateras we approach the equator, these winds lag behind, as 
it were, and become inclined to the westward, giving northeast 
winds on the north side, and southeast ones on the south side of the 
equator. 

2. Periodic Winds.— Periodic winds are those which, at reg- 
ular intervals of time, blow from opposite directions. Such 
are the monsoons that prevail in the Indian Ocean, blowing 
one half of the year from northeast to southwest, and the 
other half in the opposite direction. When the sun is on 
the north of the equator, the southern portion of the Asi- 
atic continent is warmer than the southern part of Africa, 
and the winds blow from southwest to northeast; when the 
sun is on the south side of the equator, the reverse is the 
case. 

The stmoom is a hot wind that blows from the deserts of 
Africa. It is felt in the northern and northeastern parts of 
the African continent. During its prevalence the thermome- 
ter often rises to 120° F. In the desert this wind becomes 
suffocating from its heat and dryness. Travellers exposed to 
it cover their faces with thick cloths, and their camels turn 
their backs to escape its injurious effects. 
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The strocco is a hot wind that sometimes is felt in Italy. 
When it blows people remain in their houses, taking care to 
close every door and window. Some suppose this to be a 
continuation of the simoom from the African desert. 


The land and sea breezes are winds that blow on the sea- 
coast. During the day the land becomes heated to a higher 
degree than the sea; consequently the air resting on the land 
becomes more heated and rarefied than that on the water; 
hence it ascends, and the cooler air from the sea flows in to- 
wards the land to take its place, constituting the sea-breeze. 

During the night the land cools more rapidly than the sea, and a 
contrary effect is produced. The air over the sea becomes warmer, 
aud rises to make way for the cooler and denser air coming from the 
land. This current is called the land-breeze. 


3. Variable Winds. — Variable winds are those which blow 
sometimes in one direction and sometimes in another, without 
any apparent law of change. The further we recede trom the 
equatorial regions, the more variable are the winds in their 
character. 

This is undoubtedly due to the fact that the two great currents 
of air that form the trade-winds gradually approach each other 
in temperature, at a distance from the equator, and lose that 
regularity of action that marks their movements in the tropical 
regions. 

The current coming from the poles grows warmer, and that going 
towards the poles grows cooler, so that in the temperate zones the 
disparity of temperature is not sufficiently great to keep the currents 
distinet, and therefore there is a constant tendency to mingle and in- 
terchange their positions, 

366. Tornadoes. — A Torxapo is a violent whirlwind, 
attended with rain, thunder, and lightning. ‘They are sup- 
posed to be caused by currents of air encountering one an- 
other when moving in different directions, thereby imparting 
to the atmosphere a whirling motion. ‘Tornadoes often travel 
considerable distances, overturning buildings and uprooting 
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trees ; they are accompanied with a noise like that of heavily 
loaded carts driven over a stony road. 

Two species of tornado are recognized, terrestrial and marine, ac- 
cording as they take place on land or on water. The latter class 
present remarkable phenomena. ‘The rotary force of the wind raises 
the water in the form of a cone, while a second cone forms in the 
cloud, having its apex downwards. These cones move to meet each 
other, forming a column of water reaching from the ocean to the 
cloud. In this form the column of fluid is called a water-spout. 
When a water-spout strikes a ship it does immense damage. 


367. Velocity of Winds.— The velocity of winds is 
exceedingly variable. The velocity is measured by instru- 
ments called anemometers. These consist of a species of 
windmill attached to a train of wheel-work, by means of 
which the number of revolutions per minute can be regis- 
tered. From the number of revolutions the velocity can be 
computed. 

Fig. 234 represents this form of-anemometer. It consists of four 
hemispherical cups attached to hor- 
izontal arms of equal length. 
These turn freely about a verti- 
eal axis. 

This axis carries an endless 
screw, which sets in motion a 
train of wheel-work. The num- 
ber of revolutions is registered on 
a dial by means of pointers con- 
nected with the wheel-work. 

The velocity of the gentlest 
breeze, or zephyr, is not more 
than one mile per hour; a mod- 
erate wind travels at the rate of 
4t to 5 miles per hour, a brisk 
wind 20 miles per hour, a tem. 
pest 40 to 50 miles per hour, and Fig. 234. 
a burricane from 90 to 100 miles per hour. 
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368. The Signal Service. — Attempts to predict im- 
portant changes in the weather, so as to give timely warning 
of the approach of storms and tempests, have been made by 
civilized communities from time immemorial. ‘These at- 
tempts, however, have of necessity been, to a great extent, 
crude and ineffectual. Tbe coming storm could not be fore- 
told in sufficient season to admit of making preparations for 
averting its violence. 

By means of the electric telegraph the Signal Service of 
the present day has reached a high state of eflicieney, and is 
of great value to commerce and agriculture. By its aid in- 
telligence of storms and approaching weather-changes can be 
transmitted from point to point many hours in advance. 

That the Signal Service is a part of the regular army in- 
spires confidence in its work and gives trustworthiness to its 
reports. The thorough discipline of the army is essential to 
the successful working of the corps of weather-observers. 
There must be, on the part of its members, punctuality, prompt 
obedience, and the closest attention to the minutest details. 
There must also be the power to enforce these requirements, 
and this can be perfectly secured in the army. 

Every man of the signal corps is thoroughly instructed and prac- 
tised in the use of the telegraph and other instruments that are em- 
ployed in every branch of the service. 

The total number of stations of observations within the limits of 
the United States is between two and three hundred. Each station 
is equipped with the following instruments: barometer, thermome- 
ter, hygrometer, anemoscope, anemometer, ad rain-gange. All the 
stations communicate with the central office at Washington. 

Three observations are taken daily, Washington time; this insures 
the reading of the instruments by all the observers at the same time. 
The instruments are read in the order given above. 

The reports from the different stations are transmitted in cipher to 
the central office and entered on weather-inaps. From the study of 
these maps the probable weather changes for the next twenty-four 
hours are deduced. Everything must be entered on the maps and 
acted on in a few minutes. The weather deductions are then fur- 
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uished to the press for publication, also telegraphed in bulletin form 
to different centres for the use of farmers, besides being given to the 
Associated Press for distribution throughout the country. 

Not only is the state of the weather in the various great districts 
of the couutry-given and a brief synopsis of the probabilities, but also 
an insight into the manner by which the probabilities are determined 
and the reasons for the predictions. 

When severe storms are approaching the lakes or the sea-coast, cau- 
tionary signals are ordered at the central office to be displayed at the 
lakes and seaports and along the sea-coast as a warning to mariners. 

For fuller details of this important and interesting topic the stu- 
dent is referred to the annual reports of the Chief Signal Officer and 
to other documents bearing on the subject, which can be obtained on 
application to the War Department. 
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CHAPTER VII. 
OPTICS. 


SECTION I. — GENERAL PRINCIPLES. 


369. Definition of Optics. — OpTics is that branch 
of Physics which treats of the phenomena of light. 


370. Definition of Light. — Light is that physical agent 
which, acting upon the eye, produces the sensation of sight. 


371. Two Theories of Light.— Two theories have 
been advanced to account for the phenomena of light: the 
Emission Theory, and the Undulatory or Wave Theory. 

According to the emission theory, light consists of infinitely 
small particles of matter, shot forth from luminous bodies 
with immense velocity, which, falling on the retina of the 
eye, produce the sensation of sight. 

According to the undulatory theory, light, like heat, is 
caused by the vibrations of the molecules of bodies. It is 
transmitted by a highly elastic medium called huniniferous 
ether. This medium, which also transmits radiant heat, ex- 
tends through space, penetrates all bodies, and exists in the 
intervals between their molecules. The molecular vibrations 
of a luminous body are imparted to the neighboring ether, 
aml are propagated through it by a succession of spherical 
waves; these waves, falling on the retina of the eye, excite 
the sensation of sight. 

Light and radiant heat are very closely related to each other, being 
forms of radiant enerev: they are generated in the same manner and 
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are propagated through the same medium, but they differ from each 
other in their wave-length, and, as a consequence, in their mode of 
action on bodies. 

Heat is produced by waves of greater length than those which 
cause light. The vibrations of ether also are more rapid in the case 
of light. 

In sound the particles of air vibrate to and fro in the direction of 
propagation ; in light and radiant heat the particles of ether vibrate 
to and fro in a direction perpendicular to that of propagation. In 
sound the vibrations are longitudinal, or in the direction of the rays ; 
in light and radiant heat they are transversal, or perpendicular to the 
rays. 

The idea of transversal vibrations may be illustrated by a rope 
made fast at one end and held by the hand at the other. If the free 
end be moved rapidly to and fro, at right angles to the rope, a suc- 
cession of waves will run along the rope, while the particles of the 
rope simply vibrate back and forth in perpendiculars to the rope. If 


Fig. 235. 


a stone be dropped into a pool of still water, a series of waves will be 
propagated outward, while the particles of water simply rise and fall, 
their motion being perpendicular to the direction of propagation. 

The undulatory theory is now generally accepted by physicists. 

This kind of wave motion is shown in Fig. 235. The white dots 
‘represent molecules of ether, and the light is supposed to pass in the 
direction A B. The distances b’¢ and ed’ are called waye-lengths, 
that is, from the crest of one wave to the crest of the next. The 
distances 0’ 6", f’f'", ee”, and d’ d” represent amplitudes of vibration. 
Through these distances the molecules of either oscillate back and 
forth. 


372. Luminous Bodies. — Sources of Light. — Bod. 
ies that emit light are said to be luminous; those that are 
seen by light derived from others are said to be ¢luminated. 
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Luminous bodies generate light; illuminated bodies reflect 
and diffuse it. The sun is a luminous body; the moon is 
illuminated by it. 

The principal sources of light are the sun, the stars, heat, 
chemical combination, phosphorescence, and electricity. 


The ultimate cause of the sun’s light is unknown. The sun is 
surrounded by a gaseous envelope, called the photosphere, which ap- 
pears to be in a state of intense ignition. The molecular vibrations 
of this envelope are undoubtedly the immediate sources of solar light 
and solar heat. The stars are similar to the sun, but on account of 
their enormous distances from us, they send us but a small amount 
of light and heat. 

If a body be heated its molecules are thrown into vibration, and 
when its temperature reaches 900° or 1000° F., it begins to be lumi- 
nous in the dark. Beyond that its brightness increases as its temper- 
ature rises. 

The light developed by chemical combinations is mostly due to 
the heat that accompanies them. Combustion is an example; the 
affinity between the oxygen of the air and the carbon of the fuel 
causes them to rush together under favorable circumstances. thus 
generating heat and ultimately light itself. 

Phosphorescence is the property that some bodies have of giving 
out light under certain conditions, without heat; it is cften observed 
in deeaying animal and vegetable matter, and in soine minerals. 
The light of the fire-fly is an example of this property. 

Electricity is the source of a species of light that rivals in intensity 
that of the sun itself. It will be treated of hereafter. 


373. Media. — Opaque and Transparent Bodies. — 
A Mepivm is anything that transmits light; thus, free space, 
air, water, and glass are media. 

A medium is said to be homogeneous when the chemical composi- 
tion and density of all its parts are the same. 

A 'TRANsPARENT Bopy is one that permits light to pass 
through it freely; as glass, diamonds, rock-crystal, and 
water. 

When bodies permit light to pass through them, but not in 
such guantity as to allow objects to be seen through them, 
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they are called translucent. Thus, scraped horn, ground 
glass, oiled paper, and thin porcelain are translucent. 
An OpaguE Bopy is one that does not permit light to pass 
through it. Thus, iron, wood, and granite are opaque bodies. 
No bodies are perfectly opaque ; when cut into sufficiently 
thin leaves, they are more or less translucent. 


374. Absorption of Light. — No body is perfectly trans- 
parent; all intercept or absorb more or less light, but some 
absorb much more than others. If light be transmitted 
through great thicknesses of media which in thin layers are 
transparent, a quantity of light is absorbed, and it often hap- 
pens that the transmitted light is not of suflicient intensity to 
produce the sensation of sight. 

The atmosphere seems perfectly transparent, but it is a known 
fact that much of the light of the sun is absorbed in reaching the 
earth, as is shown by the greater brilliancy of the stars in the higher 
regions, aS on mountain-tops. In the high regions of the atmos- 
phere objects are more clearly seen than nearer the earth ; indeed, so 
great is the clearness of vision in these regions, that it becomes ex- 
ceedingly difficult to judge of distances. Opaque bodies absorb all of 
the light falling upon them which is not reflected. 

The physical cause of absorption of light by bodies is some pecu- 
liarity of molecular constitution which breaks up and neutralizes the 
waves of light that enter them. 


375. Rays of Light. — Pencils. — Beams. — Propa- 
gation of Light. —A Ray or Licur is a line along which 
light is propagated. It is perpendicular to the advancing 
wave-front. When the source is very distant the wave-fronts 
are sensibly plane and the rays parallel. 

A Pencit or Rays is a small group of rays meeting in a 
common point, such as the rays proceeding from a candle or 
a lamp. 

When the rays proceed from a common point, they are said 
to be divergent. When they proceed towards a common point, 
they are said to be convergent. 
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A Bream or Rays is a small group of parallel rays, such 
as enter a small hole in a shutter, from a distant body, as the 
sun. 

In a homogeneous medium light is propagated in straight lines. 
This is proved by placing an opaque body in the straight line that 
jvins the eye on the luminous body; the light is intercepted. The 
rays of light that pass into a dark room by a small aperture are 
seen to be straight by the particles of Hoating dust which they 


illuminate. 


376. Visual Angle.— The angle formed by two lines 
drawn from the centre of tne eye to the two extremities of the 
object is called the visual angle. 

Fig. 236 represents the visual angle. The size of this angle va- 


ries with the distance of the body. A Band A' PD are of the same 


length, yet the angle A OB is larger than A’ O B’; hence the ap- 
parent size of A’ B’ is less than that of AB. CD has the same 
visual angle as A’ B’, yet A’ B’ is the larger. The visual angle, then, 
does not indieate the real size of a body, — we must know its dis 
tance. Knowing the size of a body, we can estimate its distance by 
its visual angle, and knowing the distance we can get its size. 

The apparent size of a body can be varied by increasing or de- 
creasing the visual angle. In the formation of images by mirrors 


and lenses this prineiple will be illustrated. 


377- Shadows. — When light falls upon an opaque body, 
inasmuch as the rays are transmitted in straight lines, the 
space behind the body from which the light is excluded is 
called a shadow. 

If the source of light be a point, the shadow will be sharply 
defined ; if it be larger than a point, the perfect shadow will 
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be surrounded by a fainter one called the penwnbra. The 
darker shadow is called the wmbra. 


In Fig. 237 we have these two shadows represented, both the 
luminous and opaque bodies being spheres. If the luminous surface, 
B, be larger than the opaque body, the umbra will terminate in a 
point, as in the case of the shadow of C. It will be fringed by a 
penumbra, D D. 

But if the opaque body is larger than the luminous, the umbra will 
be divergent, as seen in the shadow of A. This is also fringed by a 
penumbra D D. 

If the luminous sphere be of the same size as the opaque, the 
umbra will be a cylinder, with a penumbra for a border. 

The penumbra is less dark than the umbra, because only a part 
of the rays from the luminous body are cut off from the space it 
occupies. 


Fig. 287. 

378. Velocity of Light. — Light moves with such ve- 
locity that for all distances on the earth it is practically in- 
stantaneous. 

It was shown by Roemer, a Danish astronomer, in 1678, 
that light occupies nearly 8} minutes in coming from the sun 
to the earth, which gives a velocity of 186,000 miles per 
second. 

He ascertained the velocity of light by a succession of ob- 
servations on the eclipses of Jupiter’s first satellite. In 
Fig. 238, S represents the sun, 7’ the earth, / Jupiter, and 
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e Jupiter’s first satellite, that is, the one nearest to Jupiter. 
The darkened portion of the figure beyond Jupiter represents 
the shadow of that planet cast by the sun. It is known by 
computation that Jupiter’s first satellite revolves about that 
planet once in 42 hours 28 minutes and 36 seconds, and by 
entering the shadow of Jupiter is eclipsed at each revolution. 

Roemer found that as the earth moved from 7’, its nearest 
position to Jupiter, towards ¢, its most remote position, the 
interval between the consecutive eclipses of the satellite grad- 
ually grew longer, whilst in moving from ¢ back again to 7, 
these intervals grew shorter. ‘The total retardation in pass- 
ing from 7’ to ¢ was found to be nearly 16} minutes, and the 
total acceleration in the remaining half of the earth’s revolu- 
tion was also found to be 16) minutes. This was accounted 
for by the fact that the earth was moving away from Jupiter 
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Hl 
Fig. 238. 
in the first case, and therefore the light had to travel farther 
and farther at each eclipse to reach the observer, while in the 
second case the reverse happened. 

Roemer therefore inferred that it required 165 minutes for a ray 
of light to traverse the diameter of the earth’s orbit, or 8} minutes 
for it to pass over the radius of that orbit, that is, over a distance 
equal to that of the earth from the sun. 

It is difficult to conceive a velocity so great as 186,000 miles per 
second, a speed that would carry a ray of light around the earth 
eight times in a single second of time. Some idea, however, may be 
had of the velocity of light from the fact that it would require more 
than two and a half centuries for one of our most rapid express- 
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trains of cars to run a distance over which light passes in 84 
minutes. 


379. Intensity of Light. — Photometry. — The in- 
tensity of light 1s the amount of disturbance it imparts to the 
ether. It is proportional to the square of the amplitude of the 
vibration of the ether particles ; that is, as the amplitude in- 
creases the intensity increases, as it decreases the intensity 
also decreases. The intensity also varies inversely as the square 
of the distance from its source. 


Fig. 239. 


Hence we see that light follows the same law with regard 
to its intensity that is observed for gravity (Fig. 23) and 
sound. The law of variation of intensity can be verified, 
experimentally, by means of an instrument called a pho- 
tometer. 

A PHOTOMETER is an instrument for comparing the intensi- 
ties of different lights. 

Several different instruments have been devised for this 
purpose, one of the simplest being that shown in Fig. 239. 
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It consists of a vertical screen of ground glass, A, and a 
vertical solid rod, 2, situated a short distance in front of it. 

If two equal lights are placed at equal distances from B, it is 
found that the shadows which B casts upon A are of the same tint. 
If one light be placed at any distance,: and four equal lights be 
placed at twice the distance, the shadows will be of the same tint; 
this is the case shown in the figure. It will require nine equal lights 
at three times the distance, sixteen at four times the distance, and so 
on, to produce the same effect. This experiment confirms the law of 
variation of intensity according to the inverse square of the distance. 

To use the photometer to compare the intensities of any two 
lights, let them be placed, by trial, at such distances from B that the 
shadows cast on A are of exactly the same tint; then will their in- 
tensities be to each other as the squares of their distances from the 
rod, B. 
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SECTION II. — REFLECTION OF LIGHT. — MIRRORS. 


380. Reflection of Light.—When light passes ob- 
liquely from one medium to another, it is separated into two 
parts, one of which is driven back and remains in the first 
medium, while the other passes on and enters the second 
medium. The part that is driven back is said to be reflected, 
and the deviating surface is called a reflector. 

Reflection of light is explained in the same way as reflection of 
sound. In ease of light the wave-lengths are so small that the most 
highly polished surfaces are comparatively rough. Hence only a 
part of the reflected light appears to follow the regular laws; the 
rest is irregularly reflected or diffused. The amount of light reflected, 
as well as the relation between that which is regularly and that 
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which is irregularly reflected, depends on the obliquity of incidence, 
the nature of the second medium, and the polish of the deviating 
surface. 

Light that is irregularly reflected enables us to see objects; thus, 
the light falling on a sheet of paper is scattered or diffused so as to 
render it visible in all directions. If a reflector were perfectly smooth 
it would be invisible; we should simply see in it the images of other 


objects. 


‘i 
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Fig. 240. 


It is the diffused light reflected by the clouds, the air, the earth, 
and objects upon it, that illuminates our rooms, and renders objects 
visible which do not receive the direct rays of the sun. 

If we look out from our houses we see objects clearly by means of 
this diffused light, because they receive much light and therefore 
reflect mueh; but if we look from without into a house we see 
objects with less distinctness, because they receive but little light, 
and therefore they reflect but little. 

It is now proposed to explain the laws of regular reflection. 
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381. Definition of Terms. — The ray that falls upon a 
reflecting surface is called the tneident ray; thus, CD (Fig. 
240) is an incident ray. 

The point where the incident ray meets the reflecting sur- 
face is called the point of incidence ; thus, D is a point of 
incidence. 

The angle that the incident ray makes with the perpendicu- 
lar to the reflecting surface at the poimt of incidence is 
called the angle of incidence; thus, CDA is an angle of 
incidence. 

The plane that passes through the incident ray and the 
perpendicular is called the plane of incidence ; thus, the plane 
through CD and J A is a plane of incidence. 

The ray driven off from the reflecting surface is called the 
reflected ray ; thus, DB is a reflected ray. 

The angle that the reflected ray makes with the perpendic- 
ular is called the angle of reflection; thus, BDA is an angle 
of reflection. 

The plane of the reflected ray and the perpendicular is 
called the plane of reflection ; thus, the plane of BD and DA 
is a plane of reflection. 


382. Laws of Reflection. — The following laws are 
shown by theory, and confirmed by experiment : — 

1. The planes of incidence and reflection coincide ; both 
are perpendicular to the reflecting surface at the point of 
incidence. 

2. The angles of incidence and reflection are equal; this is 


~ 


true whatever may be the angle of incidence. 


These two laws are illustrated on page 32 (Fig. 18) as regards 
motion; but the illustration will serve equally well for light with a 
few changes. Let B represent a mirror, and let a ray of light pass 
along the line A ; it will be reflected at B to C. 

It will be seen that the incident and reflected rays lie in the same 
plane with the perpendicular, BD, or, in other words, that the 
planes of each coincide. 
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The plane of these rays is perpendicular to the reflecting surface 
at B. 

If the incident ray strikes the reflecting surface at right angles, the 
reflected ray coincides with the incident. 

383. Direction in which Objects are seen.— When- 
ever the rays of light proceed directly from an object to the 
eye, we see the body exactly where it is. When by reflec- 
tion, or any other cause, the rays are bent from their primi- 
tive direction, we no longer see bodies in their proper 
position. They appear to be in the direction from which 
the ray enters the eye. 

This is illustrated in Fig. 241. A represents a body from which 
a ray of light, proceeding in the direction A B, is deviated or bent 


a 
See eS = ENN 
‘ 
Fig. 241. 

at B, so as to assume the new direction BC. The eye receives the 
ray from the direction BC, and in consequence the object, A, ap- 
pears to be situated at some point, a This principle is of importance 
in explaining certain phenomena produced by reflectors and lenses. 


384. Mirrors. — A Mirror is a body with a polished sur- 
face, employed to form images of objects. 

The best reflecting surfaces are those of polished metals. 
Our ordinary looking-glasses are composed of plates of 
smooth glass, upon the back of which is fastened a thin 
layer of tin and quicksilver. 

This mixture, called an amalgam, offers an excellent re- 
flecting surface, and it is from this that the principal reflection 
takes place. The glass serves to give the proper smoothness 
to the amalgam, as well as to protect it from injury and tar- 
nish. There is, however, a reflection from the outer surface 
of the glass, giving rise to feeble images, which render such 
reflectors objectionable for optical purposes. Hence it is, 
that reflectors for telescopes and the like are generally made 
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of alloys, or mixtures of hard metals, which admit of a high 
polish. Such a mirror is called a speculum. 


385. Plane Mirrors.— A Prane Mrrror is one in 
which the reflecting surface is plane. 

We have an example of plane mirrors in the ordinary 
looking-glasses of our houses. The surface of still water, 
which reflects surrounding objects, and the surface of quick- 
silver, when at rest, are additional examples. 


386. Images formed by Plane Reflectors. — An 
Imace of an object is a picture or representation of that ob- 
ject, formed by a reflector, or by a lens. 

The manner of forming images by plane reflectors is illus- 
trated in Fig. 242. A pencil of rays coming from a point is 
reflected so as to reach the eye. Because the angles of inci- 
dence and reflection are equal (Art. 382), each ray will have 
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the same inclination to the mirror after reflection that it haa 
before incidence. Hence the reflected rays, on being pro- 
duced back, will meet at a point as far behind the reflector as 
the point of the object is in front of it. Now, because the 
eye sees objects in the direction from which the rays reach it 
(Art. 383), the point appears to be as far behind the mirror 
as it really is in front of it. The representation of the point 
thus formed is its image. 

What has been said of a single point is true of all points. Hence, 
if we suppose pencils of rays to proceed from every point of an ob- 
ject, each point will have its own image as far behind the mirror as 
the point is in front of it. The assemblage of images thus formed 
makes up the image of the object. 


387. Nature of the Images formed. — The image of 
an object in front of a plane mirror is laterally reversed ; 
that is, the right hand of a person becomes the left of the 
image, and the left hand of the person the right of the 
image. This comes from the fact that the image of each 
point is as far behind the mirror as the point is in front. 

We see, also, from what has been said, that the image 7s 
erect, and equal in size with the object. 

The rays that reach the eye appear to come from an image 
which does not in reality exist. The image is only apparent. 
Such images are called virtual. 

A Virruat Imace is an image that appears to exist, and 
which would be found by producing the deviated pencils of 
rays backward, till they meet in points. 

A Rear Imace is an image that can be thrown on a 
sereen. It is formed when the reflected rays converge in 
front of the mirror and on the same side as the object. We 
shall soon have an example of this kind of image in concave 
mirrors. 


388. Multiple Images. — Metallic mirrors, or specula, as 
they are called, having but one reflecting surface, form but a 
single image. Glass inirrors have two reflecting surfaces, the 
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front surface of the glass, and the metallic surface at the back 
of the glass. An image is formed by each of these surfaces, 
but that formed by the latter is the more striking, because the 
first surface reflects only a small portion of the light. 

This formation of two images by glass mirrors renders 
them unfit for many optical purposes, as previously stated 
(Art. 384). The double image, formed by placing a point 
against the glass, enables us to judge of the thickness of the 


glass. 


Fig. 243. 


If a candle (Fig. 243) be placed between two plane mirrors which 
form an angle with each other, images of the objects are formed. If 
the angle is 90°, there will be three images ; if 60°, five images ; and 
seven, if it is 45°. 

The number of images increases as the angle diminishes. When 
it becomes zero, that is, when the mirrors are parallel, the number 
would be infinite, on account of the increasing number of reflections 
from one mirror to the other. The images, however, become more 
and more dim as they recede, since each reflection involves a loss of 
light. 


389. The Kaleidoscope depends on this property of in- 
clined mirrors. It consists of a tube containing usually three 
mirrors inclined to one another 60°. One end of the tube is 
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closed by a cap provided with an aperture for the eye; at the 
other end there are two plates, one of ground and the other 
of clear glass, the former being more remote from the eye. 
3etween these two plates of glass small irregular pieces of 
colored glass are loosely placed. 

When we look through the tube, holding the ground-glass end 
towards the light, the objects and their images are seen arranged in 
forms of great beauty, which show an endless variety of shapes as 
we turn the tube. 


390. Reflection by Transparent Bodies. — We have 
just seen that glass, notwithstanding its transparency, reflects 
light enough to form an image. The same is the case with 
other transparent bodies, of which water forms a conspicuous 
example. Images seen in 
water are symmetrically dis- 
posed with respect to the 
surface of the water, but 
inverted. 

The case is precisely the 
same as though the images had 


been formed by a_ horizontal 


mirror, MN, as represented in 


Fig. 244. 


Fig. 244. The image, ab, is 
seen to be inverted, and as far below the mirror as the object, A B, 
is above it. 

Fig. 245 represents the phenomenon of reflection from the surface 
of still water. 


391. The Heliostat. — It is necessary, in the illustra- 
tion of many of the properties of light, to have a beam of 
sunlight enter a darkened room. This must be direct sun- 
light, or sunlight reflected from a mirror placed outside the 
window-shutter. 

It is very desirable, also, to have the light reflected in any 
required direction and for any length of time. To secure 


this advantage an instrument called a heljostat is employed. 
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This usually consists of a mirror, which is movable, and can 
be adjusted to the position of the sun at all times, by means 
of the hand or by clock-work arrangement. ‘The direction of 
the reflected beam is thus kept unchanged. 

A simple and inexpensive heliostat can be made by using 
two mirrors, one moyable, to receive the sun’s rays and to 
reflect them upon a second inclined mirror, which in turn re- 
flects them through an aperture into the darkened room. 


The method of constructing a heliostat of this form is given in 
detail in Mayer and Barnard’s book on Light. 

Dolbear’s ‘' Art of Projecting” also gives directions for making one 
at a trifling cost that will answer every purpose. 

This apparatus is of great use in many experiments in physics. 
The name helidstat is generally given to the instrument when it has 
a clock-work arrangement for moving the mirror, and porte luniére 
to the simpler form, where the mirror is adjusted by the hand. 


392. Concave Mirrors. — A Concave Mrrror is one in 
which the reflection takes place from the concave side of a 
curved surface. 
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We shali consider the case in which the reflecting surface is 
a segment of a sphere. 

The following definitions apply equally to concave and con- 
vex mirrors : — 

The middle point of the mirror is called its vertex. The 
centre of the sphere, of which the mirror forms a part, is 
called the centre of curvature. The indefinite straight line 
through the centre of curvature and the vertex is called the 
principal axis, or sometimes simply the aa’s. Any plane sec- 
tion through the axis is called a principal section. 

Thus, 1/4 (Fig. 246) represents a principal section of a 
concave mirror, A is its vertex, C its centre of curvature, and 
AL its principal axis. 


393. Principal Focus of a Concave Mirror. — A 
Focus is a point at which deviated rays meet. If the inci- 
dent rays are parallel to the axis, the focus is called the 
principal focus, as F’; and the distance from the vertex to the 
principal focus is called the principal focal distance, as FA, 

In Figo. 246. 7, Gand Z are rays parallel to the axis. 
OA, CD, CB. and CM are perpendicular to the surface of 
the mirror. being radii. The parallel rays, 4/7, G, and Z, are 
reflected so as to make the angles of incidence equal to those 
of reflection, that is, C BH equal to CBF, CDG to CDF, 
ete. It can be shown that the principal focus is on the 
axis, and midway between the vertex and centre of curva- 
ture. We shall always designate the principal focus by the 
letter /. 
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If the luminous point is not situated on the principal axis of the 
mirror, a line drawn from this point through the centre of curvature 
will constitute a secondary axis, and the focus of the reflected rays 
will be on this axis. 

It is to be observed that in practice the surface of a curved mir- 
ror is only a very small part of the surface of the sphere of which it 
forms a part. 

Unless this be the case we shall not secure accuracy of reflection, 
because the rays reflected from the borders of the mirror and those 
from portions nearer the vertex will not be brought exactly to the 
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Fig. 247. 


same focus. The outer rays are reflected nearer to the mirror than 
the inner ones. This imaccuracy is called spherical aberration by 
reflection. 

Parabolie mirrors reflect without aberration, and are used where 
intense light is desired at a great distance, as in the headlight of a 
locomotive. , 

Fig. 247 shows the manner of determining the principal focus by 
experiment, making use of a beam of light coming from the sun. In 
this form the concave reflector may be used to collect the rays for 
the purpose of developing a great amount of heat. 
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394. Conjugate Foci.—TIf the rays of light emanate 
from some point of the axis not infinitely distant from the 
mirror, they will be brought to a focus at some point of the 
axis, generally different from #’. Thus, in Fig. 248, the pen- 
cil of rays coming from the point & is brought to a focus 
at b, between “and C. Had the rays emanated from 4, they 
would have been brought to a focus at 4. These points are 
so related as to receive the name of conjugate foci. Hence 
we have the following definition : — 


i 
ti) 


i 


Mi 


Fig. 248. 

ConsuGate Focr are any two points so related that a pen- 
cil of light emanating from either one is brought to a focus 
at the other. 

That one from which the light actually proceeds is called 
the radiant ; thus, in Fig. 248, Bis the radiant. 

The following are some properties of conjugate foci of con- 
cave Mirrors : 

If the radiant is on the axis and at an infinite distance 
from the mirror, the rays will be parallel and the correspond- 
ing focus is at # (Fig. 246). 

As the radiant approaches the mirror, the focus recedes 
from it. 

If the radiant is beyond the centre of curvature, C, the focus 
is between /’ and C. 

If the radiant is at OC, the focus is at C also. 

If the radiant is between C and 7, the focus is beyond C, 
in the direction C 1. 
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If the radiant is at /’, the focus is at an infinite distance ; 
that is, the reflected rays are parallel. 
If the radiant is between / and A, as shown in Fig. 249, 


Fig. 249. 


the rays are reflected so as to diverge, and on being pro- 
duced backwards, meet at p. In this case the focus is behind 
the mirror, and is said to be virtual. 

If the radiant is at A, the focus coincides with it. 

If the radiant is on a secondary axis, the pencil of rays is 
oblique, but it is still brought to a focus on that axis, and the 
radiant and focus enjoy properties entirely analogous to those 


just explained. 


Fig. 250. 


395. Formation of Images by Concave Reflectors. — 
If an object be placed in front of a concave mirror, a pen- 
cil of rays will proceed from each point of the object, which 
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after reflection will be brought to a focus, either real or vir- 
tual. The collection of foci thus formed make up the «mage 
of the object. 

Let A B (Fig. 250) be an object in front of a concave mir- 
ror beyond the centre of curvature. All the rays that diverge 
from A will be reflected to its conjugate focus, a, which is on 
the secondary axis, Ax. This point can be found by draw- 
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Fig. 251. 


ing A? parallel to the principal axis; it will pass after re- 
flection through # and cut A x at a, the point required. 

By a similar process we can find the conjugate foeus, b, for the 
point, B, or for any other point of the object. ‘The collection of foci 
forms the image, a b. 

After the reflected rays form the image, ab, they come from this 
image to the eye, just as if it were a real object. That the image is 
real may be shown by throwing it on a sereen (Fig. 251); it will 
also be seen that the rays by crossing invert it. 

The direction which the rays assume after reflection makes the 


image sinaller than the object. 
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As the objeet approaches the mirror, the image recedes from it; 
when the object is at the centre of curvature, the image will be the 
same size as the object ; when it is between the centre and principal 
focus, the image is larger; in both these instances we shall find 
the image real and inverted. 

When the object is at the principal focus, there will be no image, 
since the reflected rays are parallel. 


396. Virtual Images. — When the object is between the 
principal focus and the mirror, the image is virtual and erect, 
and larger than the object, or magnified. 


Fig. 252. 


Fig. 352 shows the course of the rays in forming a virtual and 
erect image. The face is between the principal focus, F’, and 
the mirror. The pencils of rays from @ and 6 are reflected so as to 
appear to diverge from the virtual foci, A and B. It is easily seen 
that the image is larger than the object, by a comparison of the 
visual angles of both. 


397. Formation of Images by Convex Reflectors. — 
In convex mirrors the reflection takes place from the outer or 
convex surface. 

From what has been said of concave mirrors, it will readily 
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be seen how images are formed by convex mirrors. The 
images formed in this 
case are always virtual, 
always erect, and always 
smaller than the object, 
as is shown in Fig. 253. 

The parallel rays, A D 
and BK, are reflected as 
the divergent rays, # D and HK. When these rays enter the eye, 


the image is seen at ab. 
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SECTION III. — REFRACTION OF LIGHT. — LENSES. 


398. It was stated under Reflection of Light, that when 
light passes obliquely from one medium to another, it is sep- 
arated into two parts, one of which is driven back or reflected, 
and remains in the first medium, while the other passes on 
and enters the second medium. If the substance that forms 
the second medium is opaque, it is absorbed, but, if transparent, 
some is absorbed and some transmitted. The transmitted 
rays change direction at the point of incidence. This change 
of direction is called refraction. Its amount depends on the 
nature of the media, and also on the obliquity of incidence. 

If the incident ray is perpendicular to the second medium, 
it is not bent from its course. 

The cause of this change of direction is a change in the elasticity 
and density of the ether in passing from one medium into the other, 
which causes a change in the velocity of the ray. Thus, the density 
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and elasticity of ether in water are different from what they are 
in the atmosphere, so that light travels considerably faster in the 
latter medium than in the former. 
This causes a ray, on passing from air 
into water, to bend towards the perpen- 
dicular at the point of incidence, as 
shown in Fig. 254. Thus, LA is bent 
from its course so as to take the direction 
AK. In passing from water to air, the 
ray is bent away from the perpendicular, 
just the reverse of what happens wheu 
Fig. 254. light passes from air into water. 


399. Definition of Terms.— The ray before refraction 
is called the ¢neident ray; thus, L A (Fig. 254) is an incident 
ray. 

The point at which the ray is deviated or bent is called the 
point of incidence; thus, A is a point of incidence. 

The ray after deviation is called the refracted ray; thus, 
AK is a refracted ray. 

The angle that the incident ray makes with the perpendicu- 
lar at the point of incidence is called the angle of incidence, 
and the plane of this angle is the plane of incidence. Thus, 

"LA Bis an angle of incidence, and the plane, 4 A ZB, is the 
plane of incidence. 

The angle that the refracted ray makes with the perpendic- 
ular at the point of incidence is called the angle of refraction, 
and the plane of this angle is the plane of refraction ; thus, the 
angle, K A C, is an angle of refraction, and the plane of this 
angle is a plane of refraction. 


400. Refractive Power of Bodies.—In the case of 
two media through which light is passing, that in which the 
ray makes the smaller angle with the perpendicular is said to 
have greater refractive power than the other. 

As a general rule, the incident ray, when passing obliquely from 
a rarer to a denser medium, bends towards the perpendicular ; 
when passing from a denser to a rarer, it bends from the perpen- 
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dicular ; or, in other words, the denser of two substances has the 
greater refracting power. 


Newton observed that, as a general rule, the refractive power 
was greatest for combustible bodies, or bodies containing combustible 
elements, such as alcohol, ether, oils, ete., which contain both hydro- 
gen and carbon. He found that the diamond was more highly re- 
fractive than any other body, and hence inferred that it was a 
combustible body, — an inference that has since been confirmed. It is 
to its high refractive power that the diamond owes its brilliancy as 
a jewel. Gases are not so highly refractive as liquids, but their re- 
fractive power may be increased by compression, which augments 


their density. 


401. Laws of Refraction. —When light passes from any 
given medium into another, no matter what may be the an- 
ele of incidence, it always conforms to the following laws : — 

1. The planes of incidence and refraction coincide, both being 
perpendicular to the surface separating the media, at the point of 
incidence. 

2. The sine of the angle of incidence divided by the sine of the 
angle of refraction vs a constant quantity for the same two media, 
but varies for different media. 

This constant quantity is called the index of refraction. 


The second law may be illustrated by Fig. 255. Let J be the 
point of incidence on a surface 
separating air from water. With 
I asa centre, describe a cirele, 
RPS. Let JR be an incident 
ray, and SJ the refracted ray. 
Draw P’R’ and SP perpendic- 
ular to the line P’P. Then will 
these lines be the sines of the 
angles of incidence and refrae- 
tion, and we shall have for the 
index of refraction when light 
passes from air into water the ra- 


ae gies tii 
tio 4, from air into glass, 3. The 


reciprocals of these fractions will 
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give the indices of refraction when light goes in the opposite diree- 
tion; thus, from water to air it is }, and from glass to air 3. These 
fractions represent the relative indices of refraction for the two 
media. 

When a ray passes from a vacuum into any inedium, the ratio of 
the sine of the angle of incidence to the sine of the angle of refraction 
is always greater than unity, and is called the absolute index of re- 
fraction, or simply the index of refraction for the given medium. This 
index is generally expressed decimally. Thus, for ice, it is 1.309 ; 
for alcohol, 1.372 ; and so on. 


Fig. 256. 


402. Experimental Proofs of Refraction. — If a 
beam of light be introduced through a hole in a shutter of a 
dark room, and allowed to fall upon the surface of water in a 
glass vessel, as shown in Fig. 256, the bending of the beam 
as it enters the water may be seen by the eye. The course 
of a ray in the air may be rendered more apparent by filling 
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the air with fine dust or smoke, as, for example, the smoke 
from gunpowder. 

Let a piece of money be placed at the bottom of an empty 
vessel, and then take a position such that the eoin shall just 
be hidden by the side of : 
the vessel. While in 4 
this position, if water be ‘ 
poured into the vessel, 
the rays from the coin 
will be refracted so as to 
render it visible. The 
effect of refraction in this 
and similar cases is to 
make the bottom of the Fig. 257. 
vessel appear higher than it is in reality, as shown in Fig. 257. 

403. One of the effects of refraction was explained in the 
last article. The principle has numerous applications. To 
a person standing on the shore, a fish in the water ap- 
pears higher than his real position. If a stick be partially 


Fig. 258. 


plunged into water, the portion immersed will be thrown up 
by refraction, and the stick will appear bent, as shown in 
Fig. 258. 

Refraction has the effect to make the heavenly bodies 
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appear higher than they are, and thereby causes them to rise 
earlier and set later than they would do were there no at- 
mosphere. 


This can be seen by inspecting Fig. 259. The layers of the at- 
mosphere are denser as they are nearer the earth, and as the refrac- 
tive power of a gas increases with its 
density the rays are bent in a curved 
line to the eye. The heavenly body, 
S, is seen in the position, S% “The 
eye refers its position along the line 
Avs. 

To understand the apparent changes 


in position of bodies when refraction 


takes place, we must remember that 
My ¢ 9A . . ‘ ‘ . . 
Fig. 259 the object is seen im the direction of 


the refracted ray as vt enters the eye. 


404. Total Reflection. — Critical Angle. — If light 
fall on a surface that separates a medium from one that is 
less refractive, there is a limit beyond which it will not pass 
from the first medium into the 
second, at that limit light is 
fotally reflected. 

Let BM C (Fig. 260) be a glass 
globe half full of water. The ray, 
LA, being perpendicular to the 
globe, is not refracted in entering, 
but if the angle, CA LL, be small 


enough, it is refracted at A, taking 


the direction, A RR. If the angle 
of incidence be increased, the an- 
gle of refraction will also be in- 
creased until it becomes a right angle, or 90°. The refracted ray, 


A M, then emerges parallel to the surface of the water. The inci- 
dent angle in this ease is called the eritical angle, since for any 
greater angle, as 1A C, the ineident ray can no longer pass through 
the surface, A M, but is totally reflected and remains in the first 


medium, taking the direction, AT. 
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From water to air the critical angle 
is 48° 35’; from glass to air, about 


41°. 


405. Examples of Total 
Reflection. — The phenomenon 
of total reflection may be shown 
in various ways. If a glass of 
water with a spoon in it be held 
above the level of the eye, and 
we look up obliquely at the sur- 
face of the water, the under side 
of the surface will shine like a pol- 
ished mirror; the lower portion of 
the spoon will be totally reflected 
in it, as seen in Fig. 261. 

Let a ray of light (Fig. 262) fall 
perpendicularly upon the side, A C, of 
the glass prism, A CB; it will form an 
angle of 45° with the side, 4 B. This being greater than the criti- 
cal angle of glass, the ray will be totally reflected in the direction, 
EO. 


The prism represented in the figure 
I ] g 


has the form of a right-angled isosceles 


triangle. 


406. Mirage is an atmospheric 
phenomenon dependent on extraordi- 


nary refraction and total reflection. Fig. 262. 
Sometimes a layer of atmosphere next the earth becomes a 
reflector, and in that case portions of the earth appear to the 
traveller like lakes and ponds ; such appearances are frequent 
in desert countries when the heat is intense. To heighten 
the illusion, trees are often seen reflected from the sur: 
faces of these apparent ponds. An example of this kind is 
shown in Fig. 263. The layers of air near the ground are 
more heated than those higher up, and therefore less dense. 
The rays coming from the top of the tree on the left of the 
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picture are refracted as they pass through the successive 
strata until they are totally reflected at a, from a layer of the 
atmosphere, and reach the eye of the observer at the tent. 
The observer refers the position of the tree-top backwards 
along the direction of the dotted line, which causes the tree 
to appear inverted. In this case both the tree and its image 
are seen. 

Images of distant shores or ships are sometimes seen in the air 
at sea. This form of mirage is the reverse of that just given. Here 
the layers near the water are denser than those above. 


Fig. 263. 
The phenomenon of mirage may be shown in a very simple 
way. If we look along the side of a red-hot poker or a mass of 
glowing charcoal at an object a few feet off, we shall see at a short 
distance from either an inverted image. 


Summary.— 
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Critical Angle. 
Examples of Total Reflection. 

With Spoon and Tumbler. 

With Prism. 


In Cases of Mirage. 


4c7. Media with Parallel Faces. — When a ray of 
light, SA, Fig. 264, falls upon a medium bounded by plane 
faces, as a plate of glass, for example, it is refracted towards 
the perpendicular and passes through the plate ; as it emerges 
at D, it is refracted as much from the perpendicular as it was 
towards it in the first instance, and the ray emerges in the 
direction, D B, parallel to S.A, but not in the same straight 
line with it. The two refractions 
do not change the direction of 
the ray, but simply shift it slightly 
to one side or the other. Hence, 
in looking through a window, we 
do not see the direction of ob- 
jects changed by the intervening 


glass. 
G A and DF represent the perpendiculars, 77’ the angles of inci- 
dence, and 17” the angles of refraction. 


408. Prisms. —A Prism is a refractive medium bounded 
by plane faces intersecting each other. 
Fig. 265 represents a prism mounted for optical experi- 
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ments. It consists of a piece of glass with three plane faces, 
meeting in parallel lines called edges. It is placed on a 


stand so that it can be ele- 
vated or depressed, and it 
also is capable of being 
turned around an axis 
parallel to the edges, by 
means of a button shown 
on the left. 

Prisms produce upon light 
which traverses them two 
remarkable effects: Ist, a 
considerable deviation ; 2d, 
a decomposition of light into 
its elements. 

These effects are simulta- 
neous ; but we shall at pres- 
ent only consider the first 
one, leaving the second to 
be studied hereafter under 
the name of Dispersion. 


409. Course:of Luminous Rays in a Prism.— In 
order to follow the course of a ray of light in passing through 
a prism, let x»mo (Fig. 266) represent a section of a prism 


Fig. 266. 


made by a plane 
perpendicular to the 
edges. <A ray of 
light, La, falling 
upon the face, mm, 
is refracted towards 
the perpendicular, 
and passes through 
the prism in the di- 
rection, ab; here it 


falls upon the second face, mo, and is again refracted, but 
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this time from the perpendicular, and emerging into the air, 
takes the direction, dc. An eye situated ate refers the ob- 
ject, Z, backwards along the ray, cb, so that it appears to be 
situated at vr. The total deviation is the angle between its 
original direction, Za, and its final direction, er. 

We see from the figure that the ray is bent from the edge in 
which the refracting faces meet; that is, it is bent towards the thick 
part of the prism; this deviation has the effect to make the object 
appear as though thrown towards that edge. The angle, n mo, is 
called the refracting angle of the prisin. 

410. Lenses. — A Lens is a refracting medium, bounded 
by curved surfaces, or by one curved and one plane surface. 

Lenses are usually made of glass, and are bounded by 
spherical surfaces, or by one spherical and one plane surface. 
The surfaces are made spherical, because they are more easily 
wrought by the glass-grinder. 
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Fig 267. Fig. 268. 

411. Classification of Lenses. — Lenses are divided 
into six classes, according to the nature and position of the 
bounding surfaces, sections of which are shown in Figs. 267 
and 268. 

The first three, represented in Fig. 267, are thicker in the 
middle than at their edges. These converge or collect rays of 
light, and are called convergent lenses. 

The last three are thinner in the middle than at their edges. 
These diverge or scatter rays of light, and are called divergent 
lenses. 

1. The double-convex lens, M, bounded by two convex sur- 
faces; 2. The plano-convex lens, VN, bounded by one convex 
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and one plane surface; 3. The meniscus, O, bounded by one 
concave and one convex surface, the concave surface being 
the least curved; 4. The double-concave lens, P, bounded by 
two concave surfaces ; 5. The plano-concave lens, Q, bounded 
by one concave and one plane surface ; 6. The concavo-convex 
lens, &, bounded by one concave and one convex surface, the 
concave surface being the most curved. 

In studying the effect of these lenses, it will be sufficient to con- 
sider the dowble-convex and the double-concave lenses as specimens of 
the classes to which they belong, the former representing the conver- 
gent, and the latter the divergent classes. 


412. Definition of Terms. — The centres of the bound- 
ing surfaces of a lens are called Centres of Curvature ; thus, in 
Fig. 269, ¢ and C are centres of curvature. 


In the double convex lens the centre of curvature of each surface 
is on the opposite side of the lens; in the double-coneave lens the 
reverse is the case. In the meniscus and the coneavo-convex lens 
both centres are on the same side of the lens. In the plano-convex 
and the plano-coneave lens the centre of curvature of the plane sur- 
face is at an infinite distance, and in a perpendicular to the plane 
surface at its middle point. 


The straight line through the centres of curvature is called 
the axis of the lens; thus, in Fig. 269, X Y is the axis. 

It is demonstrated in higher optics, that there is always 
one point on the axis of a lens, such that the rays of light 
passing through it are not deviated by the lens. This point 
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is called the optical centre, and is of much use in the construc- 
tion of images. 

In practice it is usual to make the surfaces which bound 
double-convex and double-concave lenses equally curved. 

When this is the case, as we shall suppose in what follows, 
the optical centre is on the axis, and midway between the 
two surfaces of the lens; thus, in Fig. 269, O is the optical 
centre, and any ray, H&A, passing through it, is not deviated 
by the lens. 


To find a normal at any point of the surface of a lens, we draw a 
line from that point to the corresponding centre of curvature; thus, 
m C and ne are normals at the points m and n. 


413. Action of Convex Lenses on Light.— When a ray 
of light falls upon one surface of a double-convex lens, it is 
refracted towards the normal, passes through the lens, is again 
incident upon the second surface, and is refracted from the 
normal. This action is entirely analogous to that of a prism, 
the deviation being towards the thicker portion in both cases. 
In fact, if we suppose planes to be drawn tangent to the sur- 
faces at the points of incidence and emergence, they may be 
regarded as the faces of a prism through which the ray 
passes. 


Fig. 270. 


414. Principal Focus. —If a beam of light parallel to 
the axis falls upon a lens, it will be collected by refraction in 
a single point. This point is called the principal focus, and 
its distance from the lens is called the principal focal 
distance. 
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The course of the rays is indicated in Fig. 270, in which 
the rays parallel to CX are brought to a focus at /. Here 
F is the principal focus. 

Since the rays that pass through the edge of a spherical lens are 
refracted more than those passing nearer the centre, they cannot be 
brought accurately to the same focus, except in the case in which the 
surface of the lens is small, when compared with that of the whole 
sphere of which it forms part. This scattering of the rays from a 
focus is called spherical aberration by refraction. It is remedied in 
practice by covering up a part of the surface on which light falls, by 
a paper cover with an aperture in its centre. 

Had the rays fallen upon the other side of the lens, they would 
have been brought to a focus as far to the right of the lens as J’ is to 
the left of it. 


Fig. 271. 


Fig. 272. 


415. Conjugate Foci are any two. points so situated on 
the axis of a lens that a pencil of light coming from one is 
brought to a focus at the other. That from which the light 
actually comes is called the radiant. 

In Fig. 271 a pencil of rays coming from Z is brought to a 
focus at 1; had the light come from /, it would have been 
brought to a focus at 1; Zand / are conjugate foci, and in 
the case figured, Z is the radiant. 

When the radiant is at an infinite distance, the rays are 
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parallel, and the corresponding focus is at /’; this is the 
principal focus. As we have already seen, there are two such 
foci, one on each side of the lens. It will be sufficient for our 
purpose to suppose the light to come from the right, in which 
case the principal focus is on the left, at /. 

When the radiant is anywhere on the axis at a greater dis- 
tance than the principal focal distance, the corresponding 
focus will also be at a greater distance from the lens than the 
principal focal distance, as shown in Fig. 271. 

If the radiant approach the lens, the corresponding focus 
will recede from it, as is shown in Fig. 272. 

If the radiant is at the principal focal distance, the re- 


Fig. 273. 


Fig. 274. 


fracted rays will be parallel; that is, the corresponding focus 
will be at an infinite distance, as is shown in the upper dia- 
gram (Fig. 273). 

If the radiant is still nearer the lens, the rays will diverge 
after deviation, and will only meet the axis on being produced 
backwards, in which case the focus is virtual, as is shown in 
the lower diagram (Fig. 274). In this diagram Z is the 
radiant, and 7 the virtual focus. 

Thus far we have supposed the radiant to be situated on 
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the principal axis ; if itis on any line through the optical cen- 
tre not much inclined to the axis, the corresponding focus 
will be on that line, and the laws which regulate the posi- 
tions of conjugate foci, already considered, will be applicable. 
Such a line is called a secondary axis. 

The principles just illustrated are of use in the discussion 
of images formed by lenses. 


416. Formation of Images by Convex Lenses. — 
If an object be placed in front of a lens, each point of it 
may be regarded as a radiant sending out a pencil of rays. 
Kach pencil is brought to a focus somewhere behind the lens. 
The assemblage of these foci makes up a picture of the object, 
which is called its image. When the object is at a greater 


er: oF 
Fig. 275. 


distance from the lens than the principal focal distance, the 
image will be real and inverted. 

The course of the rays is shown in Fig. 275. The image 
is real, as may be shown by throwing it upon a screen; so 
long as the image is real it is inverted, as may be seen by 
allowing it to fall upon a sereen, or it may otherwise be 
shown from the fact that the axis of each pencil passes 
through the optical centre ; hence the image of each point is 
on the opposite side of the axis from the point. 

With respect to the size of the image in this case, it may 
be either greater or smaller than the object. When the ob- 
ject is farther from the lens than twice the principal focal dis- 
tance, the image is smaller than the object; when the object 


is at twice the focal distance, the image is of the same size 
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as the object; when the distance is less than twice the 
principal focal distance, and greater than the principal focal 
distance, the image is greater than the object. 

These principles may be shown experimentally as follows : — 

Let a convex lens be placed in a dark room, and suppose its prin- 
cipal foeal distance to have been determined by means of a beam of 
solar rays. Let a candle be placed in front of the lens, and a screen 


behind it to receive its image, as shown in Fig. 276. 


Fig. 276. 


When the distance of the candle from the lens is more than twice 
the principal focal distance, its image will be less than the object; 
and the more remote the candle the less will be its image. 

If the candle be moved towards the lens, its image will grow 
larger, until, at twice the principal focal distance, the size of the 
image and object will be equal. 

If the candle be moved still nearer, the size of the image will be 
increased ; that is, it will become greater than the object, as is shown 


in Fig. 277. 
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If the distance of the object does not become smaller than the 
principal focal distance, the image will be inverted, as is shown in 
Figs. 276 and 277. 

If the object approach still nearer the lens, that is, if its distance 
becomes less than the principal focal distance, the image will in- 
crease, it will become erect, and furthermore it will be virtual. The 
course of the rays in this case is shown in Fig, 278. HereABis the 
object, and ab is its image, which can only be seen by looking 


through the lens. 
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Fig. 277. 


In this case the lens becomes what is called a single microscope. 

When the object is at the principal focal distance from the lens, 
the image is infinite ; that is, it disappears. 

The phenomena just described may be observed by looking through 
a convex lens at the letters on a printed page. When the letters are 
at a short distance from the lens, they are magnified and erect; on 
removing the lens farther from the page, they disappear at the princi- 
pal focal distance, and finally reappear inverted and diminished in size. 
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417. Formation of Images by Concave Lenses. — 
Concave lenses, being thinner in the middle than at the edges, 
have the effect to diverge parallel rays. If the rays are already 
divergent, these lenses make them still more so. 


This is shown in Fig. 279, in which a pencil of rays, coming from 
the radiant, Z, is made to diverge, as though they proceeded from 
a point, 1, nearer the lens. This point, J, is the virtual focus, corre- 
sponding to the radiant, Z. 'To an eye situated on the left of the 
lens, the light, L, appears to be situated at J. 


" 


nn 


From what has been said, it is plain that the images 
formed by concave lenses are virtual. They are also erect, 
as in Fig. 279. 

The course of the rays, in forming an image in the case of 
a concave lens, is shown in Fig. 280. In that figure AB 
represents the object. A pencil of rays, coming from A, is 
deviated so as to appear to come from a, situated on a line 
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drawn from A to the optical centre of the lens, O. <A pencil, 
coming from 4, is deviated so as to appear to come from 4, 
on the line Bo. Hence ab is the image of the object, A B, 
and is, as we see, smaller than the object, being nearer the 
optical centre, and furthermore it is erect. 


418. Burning-Glasses. — Rays of heat are subject to 
the same laws of reflection and refraction as rays of light. 
When a beam of solar light falls upon a convex lens, there 
is not only a concentration of light at the focus, but of heat 


also. 


Fig. 280. 


The heat concentrated is so great as to inflame combustible bodies, 
such as paper, cloth, wood, and the like. In the case of large lenses 
the heat becomes sufficiently powerful to fuse metals. This prop- 
erty of lenses has been used to procure fire ; the lens in this ease is 
called a burning-glass. Lenses carelessly exposed may sometimes 
cause dangerous results, by setting fire to inflammable materials. 
This effect may result from spherical vessels of glass filled with wa- 


ter, which possess all the properties of lenses. 


419. Lighthouse Lenses. — Parabolic mirrors were 
formerly used in lighthouses. These, however, soon became 
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tarnished by the influence of sea-fogs, and have been sup- 
planted by plano-convex lenses. In the case of reflectors, 
the lamp itself cuts off considerable light. In the principal 
foci of the lenses powerful lamps are placed so that the emer- 
gent rays form a parallel beam, which enables the light to be 
seen at a distance of many miles. 

The difficulty of constructing large plano-convex lenses, together 
with their great absorption of light, led finally to the adoption of a 
particular system of lenses, known as échelon lenses. 


Fig. 281. 


Fig. 281 shows a front view, and Fig. 282 a section or profile of 
an échelon lens. 

A lens of this kind consists of a plano-convex lens, A, about a foot 
in diameter, around which are disposed several annular lenses, which 
are also plano-convex, and whose curvature is so calculated that each 
one shall have the same principal focus as the central lens, A. 

A lamp, Z, being placed at the principal focus of this refracting 
system, as shown in Fig. 282, the light emanating from it is refracted 
into an immense beam, RC, of parallel rays. 

Besides this refracting system, several ranges of reflectors, mn, are 
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so disposed as to reflect such light as would otherwise be lost, to in~ 
crease the beain of light formed by refraction. 

In order that all the points of the horizon may be illuminated, a 
system of these lenses is made to revolve on a vertical axis by clock- 
work. 

In consequence of this rotation, an observer at any point will see 
flashes of light and intervals of darkness following each other alter- 
nately. By suitably regulating the number of revolutions in any 
given time, different lighthouses may be distinguished from each 
other. These alternations also serve to distinguish lighthouses from 
a star or accidental fire. 

The electric light is used at the present time to some extent in 
lighthouses, the electricity being generated by magneto-electric ma- 
chines operated by steam. 
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SECTION IV. — DECOMPOSITION OF LIGHT. —- COLORS OF BODIES. 


420. Solar Spectrum. —If a beam of sunlight pass 
through a prism, it is bent from its course and at the same 
time is spread out into a brilliantly colored band called the 
solar spectrum. The spreading of the rays is called disper- 
sion; it is caused by unequal refrangibility of the different 
colored rays. ‘The angular dispersion of rays is different for 
different media. 
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The method of forming a spectrum is shown in Fig. 283. The 
beam of light that enters a hole in the shutter of a darkened room 
falls on a prism whose refracting edge is turned downward; the 
whole beam is bent upward, and at the same time its elements are 
dispersed so as to form the elongated spectrum seen on the screen. 

When a liquid is used it is enclosed in a hollow glass prisin. 
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If the beam of light were unobstructed in its course, it would fall 
upon the floor at K, forming a circular spot of white light. In order 
to have the colors distinct, the opening through which the light enters 
should be very narrow. The refracting angle of the prism is usually 
60°. 

This spectrum consists of almost an infinite number of rays of 
different tints, but it is customary to consider only seven, and these 
are called primary colors. These, in the order of least refrangibility, 
are as follows: red, at r; orange, ato; yellow, at y; green, atg ; 
blue, at b ; wmdigo, ata; and violet, at v. 

If a colored ray of the spectrum pass through a hole in a sereen, 
and then fall on a second prism, it is deviated as before, but there is 
no further change of color; hence the colors of the spectrum are 
said to be simple. 

The wave-lengths corresponding to different colored rays have 
been measured, and it is found that for red rays they are about sydyy5 
of an inch each, and for violet rays no more than gehyy of an inch. 
The ether waves, then, gradually diminish in length from the red to 
the violet. The phenomena of dispersion indicate that shorter waves 
are more retarded than longer ones in passing through a medium ; 
hence the rays at the red end of the spectrum are least refracted, and 
those at the violet end are most refracted. 

Color in light corresponds to pitch in sound. The colors near the 
red end of the speetrum correspond to the graver sounds, and those 
near the violet end to the more acute sounds. The waves of the 
extreme violet end of the spectrum strike the retina with double the 
rapidity of the red. While, therefore, the range of audible sounds 
is nearly eleven octaves, the range of visible colors is searcely one 


octave. 


421. Recomposition of Light. — That white solar light 
is composed of rays of different colors can be proved in an- 
other way. When we recom- 
bine the colors of the spectrum 
white light will be reproduced, 
This can be done in several 


ways. 
Fig. 284. 1. If it be acted on by a sec- 


ond prism exactly like the first, with its refracting edge 
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turned in the opposite direction, it will be recomposed and 
will emerge as white light (Fig. 284). 
This amounts to nothing more than passing light through a 


medium bounded by parallel plane faces. 


2. If it be received on a double-convex lens, as shown in 
Fig. 285, it will be recomposed, 
and an image will be formed 
free from color. 

3. If the decomposed light 
be received upon a concave : 
mirror (Fig. 286), it will in Fig. 285. 
like manner be recomposed and a colorless image pro- 


duced. 

4, If a circular disk of cardboard be painted as shown 
in Fig. 287, in sectors, the colors 
being distributed according to 
intensity and tint, as in the spec- 
trum, if will be found, on rotating 
the disk rapidly by a piece of 


mechanism shown in Fig. 287, 
that the separate colors blend into a single one, which is 
a grayish white. 

The color from any sector produces upon the eye an impression 
that lasts for an appreciable length of time. In the experiment the 
rotation is so rapid that the impressions from all the colors coexist 
at the same instant, and the effect is the same as though the colors 
were mixed. : 

That the impression produced by light lasts for an appreciable 
length of time may be shown by whirling a lighted stick round in 
a circle; it will present the appearance of a continuous circle of 
fire. 

422. Color of Bodies. — The natural color of bodies is 
due to the fact that some of the colored rays in white light 
are absorbed when the light enters them. If the unabsorbed 
portion is transmitted, the body is colored and transparent ; 
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if reflected, it is colored and opaque. In both cases the 
light that is not absorbed gives the color. 

If a body absorbs all the colors, it is black ; if it reflects or 
transmits all, it is white or colorless. A body appears red 
when it absorbs all the colors except the red, yellow when it 
absorbs all but the yellow, ete. 
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Fig. 287. 


Water when seen in masses by transmitted light appears of a 
greenish hue. Air appears blue; hence the color of the sky. As 
we ascend, the mass above us becomes smaller and loses its blue 
tint. It is probable that the bluish tint of the heavens is also in a 
measure due to reflection from the aerial molecules. At sunrise and 
sunset, the rays of the sun have to traverse a great body of the 
atmosphere, which absorbs most of the rays except the red ones. 
Hence it is that the sun appears red at sunrise and sunset. 
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Some bodies transmit a color different from that which they 
reflect. Thus, gold appears yellow by reflected light and green by 
light transmitted through the leaf. 


423. Complementary Colors.—Newvron calls two colors 
complementary when by their mixture they produce white. 

If all the rays of the spectrum except the red ones be re- 
composed by a convex lens, a greenish blue color will result ; 
hence red and greenish blue are complementary. In like 
manner it may be shown that Prussian blue and orange are 
complementary, as are also violet and greenish yellow, and 
yellow and indigo blue. 


424. Subjective Colors.—If a wafer upon a black ground 
be viewed intently for some time, until the nerve of the eye 
becomes fatigued, and the eye be then directed to a sheet of 
white paper, an image of the wafer will be seen upon the 
paper, whose color is complementary to that of the wafer. 
Thus, if the wafer is red, the image will be green; if the 
wafer is orange, the image will be blue; and so on. 

If the setting sun, which is red, be viewed for some time, 
and then the eyes be directed to a white wall, a green image 
of the sun will be seen, which will last for some moments, 
when a red image will appear; a second green image suc- 
ceeds it, and so on till the effect entirely ceases. 

If we look for some time at a colored object on a white ground, 
we shall finally observe the object surrounded by a fringe, whose 
color is complementary to that of the body; thus, ifa red wafer be 
placed upon a sheet of white paper, the fringe will be green. 

Shadows cast upon a wall by the rising or setting sun are tinged 
green, the tint of the sun being red at that time. 

If we examine several pieces of cloth of the same color, the eye 
becomes wearied, and in consequence of the accidental complemen- 
tary color being formed, the last pieces examined appear of a different 
shade from those first viewed. 

Tyndall explains these phenomena as follows: the eye, by looking 
at one color, the red wafer for instance, for some time, is rendered less 
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sensitive to that color, in fact partially blinded to its perception ; 
hence, when the wafer is removed, the white light, falling upon the 
spot of the retina on which the image of the wafer rested, will have 
its red constituent virtually removed, and will therefore appear of the 
complementary color. Colors of this kind are called swbjective colors, 
since they depend upon the condition of the eye. 


425. Fraunhofer’s Lines.—The solar spectrum is not 
continuous; rays corresponding to certain degrees of 
refrangibility are wanting ; hence it is crossed at intervals 
by dark lines. These are seen to best advantage in a 
spectrum formed by passing a beam of sunlight through a 
narrow slit, and then decomposing it by a prism whose 
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edges are parallel to the slit. The prism should be of flint 
glass and free from flaws. If the slit be wide the colors 
will overlap one another, but in a pure spectrum this must 
not be. A pure spectrum is obtained by making the slit 
very narrow. 

The dark lines of the solar spectrum were noticed by 
WOoLLASTON as early as 1802, but they were first studied and 
mapped by Fraunnorer in 1814; from that fact they have 
been called Fraunhofer’s lines. 

FRAUNHOFER’S chart contains between five and six hundred lines 
irregularly distributed. In it the most prominent lines are designated 
by letters, and these serve as points of comparison to which others 
may be referred. The line marked A (Fig. 288) is at the beginning, 
and B is near the middle of the red space; C is a well-marked line 
near the boundary of the red and orange; D is found in the orange ; 
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F, in the yellow ; and F’, G, and H are well-marked lines, F’ being 
in the green, G in the indigo, and /Z in the violet. 

FRAUNHOFER counted nine lines between Band C ; thirty between 
C and D, eighty-four between D and LH, seventy-five between 
and EF’, one hundred and eighty-five between I" and G, and one hundred 
and ninety between G and H. Recent observations have increased 
the number of dark lines till they are now counted by thousands. 


Fig. 289. 


FRAUNHOFER found the spectra of the fixed stars to be crossed by 
dark lines, but the lines are differently arranged in the different stars, 
and in none are they arranged as in the solar spectrum. The 
spectra of the moon and planets whose light is reflected from the sun 
give the same lines as those of the sun. Recently the range of 
observation has been vastly increased, and on the results of these 
examinations a new branch of science has been founded, called 
spectrum analysis. 


426. The Spectroscope.— The instrument used for form- 
ing and examining the spectra of bodies is called a spectroscope 
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(Fig. 289). It usually consists of three parts: a collimator, 
B;a prism, P, or a train of prisms ; and a telescope, A. 

The collimator is used to form a thin beam of parallel rays, com- 
ing from the flame, G, of a Bunsen burner, and consists of a narrow 
slit and a double-convex lens; the slit is formed by two jaws of 
metal that can be moved to and from each other, so as to give as 
narrow an opening as may be desired; the lens is behind the slit, 
and at a distance from it equal to its principal focal distance ; hence 
it renders the rays that pass through it parallel to each other. The 
train of prisms serves to disperse the light ; it consists of any num- 
ber of prisms, having their edges parallel to the slit, and so placed 
that the light shall pass through them all in succession. The 
telescope is used to view the spectrum formed. 

The tube, C, contains a graduated seale, an image of which is 
thrown upon the prism and reflected into the telescope when a light 
is placed in front of the tube. The observer can thus measure the 
relative distances of the lines of the spectrum. 

The substance whose spectrum we wish to examine is volatilized 
in the flame at G. Instead of the flame of the burner we can make 
use of a beam of light reflected from the heliostat. 


427. Spectrum Analysis. — Explanation of Fraun- 
hofer’s Lines. — Metals and their compounds impart char- 
acteristic colors to flames: thus, sodium and its compounds 
impart a yellow color to a Bunsen burner; the compounds of 
copper render it green, the compounds of zine make it purple, 
and the compounds of strontian give it a red color. These 
colors are due to the vapors of the corresponding substances, 
and are peculiar to those vapors. If these or any other in- 
candescent vapors be examined with the spectroscope, their 
spectra are found to consist of bright bands, each correspond- 
ing to a definite degree of refrangibility. The number, color, 
and position of the bands in every case are perfectly charac- 
teristic, and always serve to identify the body producing the 
spectrum. This mode of determining the presence of bodies 
is called spectrum analysis. 


If two or more metals be vaporized in the flame at the same time, 
the bands peculiar to each are formed as though the others did not 
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exist. Ifa mineral substance containing many different metals be 
volatilized, the spectrum will show the bands characteristic of each. 
Bunsen and Kirchoff discovered the new metals Rubidium and Ce- 
sium, by eans of bands shown by the spectroscope, which differed 
from those of all the metals previously known; and in like manner 
Mr. Crookes discovered the new metal Thallium. 

The method of spectrum analysis is exceedingly delicate; the 
presence of the minutest portion of any substance in the form of in- 
candescent vapor is instantly made manifest by its characteristic 
lines in the spectrum. 


It has been shown that an incandescent solid or liquid 
gives a continuous spectrum. If light from such a source be 
transmitted through the vapors of any substances, and then 
examined with the spectroscope, the resulting spectrum will 
be crossed by dark lines having the same position as the 
bright lines belonging to the spectra of the vapors. Hence 
it appears that every body in a state of vapor is opaque to 
the class of rays that it emits when rendered incandescent. 


The principle just elucidated has been applied to explain the dark 
lines of the solar spectrum. It is supposed that the body of the sun 
is an incandescent solid, or perhaps a glowing liquid, and conse- 
quently that it emits white light. It is further supposed that the 
body of the sun is surrounded by a layer of gaseous matter contain- 
ing vapors of various substances, including many of the known 
metals. This envelope, called the photosphere, being at a lower 
temperature than the nucleus, is in a condition to absorb the very 
rays that it would itself emit if it were incandescent. The absorbed 
or missing rays form the dark lines of the spectrum. Were the cen- 
tral nucleus abolished, the solar spectrum would be transformed into 
a system of brilliant bands. These would correspond to the bands 
of a spectrum given by a flame charged by metallic vapors. They 
would constitute the spectrum of the solar photosphere. 

Sodium, calcium, magnesium, tron, chromium, nickel, copper, zine, 
and other metals have been found in the solar atmosphere. 

The spectra of the fixed stars indicate that those bodies are similar 
in constitution to our sun, but the number and position of the dark 
lines show that their photospheres do not contain the same elements 
that are found in our own luminary. 
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The nebule, where they can be observed, give out spectra like 
ignited gases instead of spectra like the sun and stars. 

The permanent gases, when heated to a sufficient temperature by 
means of electricity, exhibit bands in their spectra. 

It has long been known that the sun is surrounded during the 
time of a total eclipse by a great number of irregular rose-colored 
protuberances. These have been shown by spectrum analysis to 
consist, for the most part, of incandescent hydrogen; with it are 
mixed vapors of sodium and magnesium. The protuberances form 
part of an irregular envelope surrounding the entire body of the sun, 
and lying outside of its photosphere. This layer constitutes what 
has been named the chromosphere, and within a few years a method 
has been discovered for observing its spectruin without the necessity 
of waiting for a total eclipse. 


428. Interference of Light. — If two waves of light 
move in such a way that the crest of one coincides with the 
crest of the other, and the depression of one with the depres- 
sion of the other, the resultant will be a wave of double am- 
plitude of vibration. 

But when the crest of one corresponds to the depression of 
the other, they neutralize each other and there is no light. 


429. Newton’s Rings are explained on the same princi- 
ple. Upon a flat, smooth piece of glass let the convex side of 
« plano-convex lens having a small curvature be placed and 
firmly pressed down, as shown in 
Fig. 290. Suppose a beam of homo- 

Fig. 290. geneous light, that is, light of one 
color, is allowed to fall perpendicularly upon the upper glass ; 
a portion will be reflected from the lower surface of the lens 
and a portion from the upper surface of the lower glass. 


The centre, which is the point of contact of the two glass surfaces, 
is a dark circular spot; at a certain distance from it, the two sets of 
reflected waves, as they go together to the eye, will have the crest of 
one coinciding with the depression of another, and the effect will be 
darkness, or there will be a black ring formed. A little farther out, 
the crests will coincide, and we shall have a bright ring of the same 
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color as the beam of light. Farther still from the centre the crests 
and depressions will again correspond, and we shall have a dark ring, . 
and so on. 

The appearance presented to the eye will be a series of 
rings, dark and bright alternately, as represented in Fig. 291. 
If yellow light be used, we shall have alternately dark and yel- 
low rings ; if red light, dark and red rings; and 
other colors will produce similar results. 


If a beam of solar light is used, each ring will take 


the colors of the spectrum, — violet on the inner edge, 

and red on the outer, in order of their refrangibilities. 
By finding the thickness of the layer of air between 

the two glasses, the wave-lengths have been determined. 


Fig. 291. 


The colors of finely grooved surfaces are due to interference. 
These colors are independent of the physical constitution of the body, 
and depend solely on the fineness and shape of the grooves. 

The play of colors upon mother-of-pearl is due to fine grooves or 
striz, as may be shown by taking an impression of a piece of it in 
white wax; the colors of the wax, thus prepared, are entirely analo- 
gous with those of the mother-of-pearl from which the impression 
was taken. 

The brilliant colors of a soap-bubble are due to the interference of 
the two sets of rays that are reflected from the outer and inner sur- 
faces of the film that constitutes the bubble. 

The colors of thin plates, like the film of oil on water, the splen- 
did colors of the skimmings of melted lead, the iridescent displays of 
fractured erystals, and the like, are all due to interference of light. 


430. Diffraction. — When light passes the edges of 
opaque bodies, the luminous rays appear to become bent 
and to enter the shadow of the body. 

If a ray of light pass by a very small aperture into a dark- 
ened room, and an opaque body be placed in it, the shadow 
that it casts will be surrounded with colored fringes. 

If the body be a hair or fine metallic wire, there will not only be 
exterior fringes, but also a series of dark and colored bands in the 
shadow itself, which are called interior fringes. These phenomena 
are due to the interference of light. 
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431. Double Refraction. — Certain crystalline sub- 
stances have the power of separating a transmitted beam into 
two parts, so that objects 


seen through them  ap- 


pear double, as shown 
in Fig. 292. This phe- 


nomenon, called double 


refraction, depends on 
the molecular arrange- 
ment of the body, which 
causes the contained ether 
to have different degrees of elasticity in different directions. 
Iceland spar, which is crystallized carbonate of lime, is an example 
of double refracting bodies. Its crystals can be reduced by cleavage 
to the form of an equilateral rhomb, 
as shown in the figure. The parti- 


cles are symmetrically arranged 
about the shortest diagonal (ab, Fig. 
293), and this is called the axis. On 
account of the inequality in the ar- 
rangement of the molecules, the 
surrounding ether is endowed with Fig. 293. 

different degrees of elasticity. In 

consequence of these unequal elasticities, the transmitted wave is 
divided into two, which advance with unequal velocities; hence the 
phenomena of double refraction. Where the elasticity is the great- 
est, the velocity is the greatest and the refraction the least, and the 


reverse also is true. 

The two parts into which a ray is divided do not move according 
to the same law. One follows both the laws of refraction already 
explained ; it is called the ordinary ray. The other does not, as a 
general thing, follow either of those laws ; it is called the extraordi- 
nary ray. When transmission takes place in the direction of the 
axis the two rays coincide, and this direction of no-double refraction 
is called the optic axis of the crystal; when in a plane perpendicular 
to the axis, the two rays are most separated. If we turn the spar 
round (Fig. 293), the image made by the extraordinary ray will re- 
volve about the other, while that remains stationary, 
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The class of bodies to which Iceland spar belongs have but one 
optic axis; these are called wvazxial. There are bodies that have 
two optic axes; these are called biarial. 

In all erystals where the molecules are not grouped alike, the elas- 
ticity of the ether is not the same, and double refraction occurs. Ice 
will cause double refraction, but water will not, thus showing a dif- 
ference of molecular arrangement. 

432. Polarization of Light.—If a beam of light be 
transmitted through a crystal of Iceland spar, the parts into 
which it is divided are of equal intensity. If one of these 
parts be transmitted through a second crystal, the parts into 
which it is divided are of unequal intensity, and the degree of 
inequality depends on the relative positions of the crystals. 
Hence light that has been doubly refracted differs from common 
light ; it is polarized, or, in other words, it has acquired sides. 

The vibrations that constitute light are transversal; that is, they 
are perpendicular to the direction of propagation. In common light 
the vibrations (Fig. 294) take place 
in every possible direction consistent 
with this law ; in polarized light they 
take place in only one direction, or 
are all in one plane, called the 
plane of polarization. 

Fig. 294. Certain erystals have the power 


of arranging these transverse vibrations of ordinary light into two 
sets at right angles to each other (Fig. 299). 


Fig. 295. 


One of the sets is more retarded than the other in passing through the 
crystal, and is generally the ordinary ray, which has been described. 


433- Polarized Light and Tourmaline. — Light is best 
studied by allowing it to fall perpendicularly on a plate of tour- 
maline, cut paralle) to the axis of the crystal. Sneh a plate 
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allows no vibrations to pass except they be parallel to the 
axis. Hence the emergent beam is polarized. Let such a 
beam fall perpendicularly on a sec- 
ond plate, similar to the first. If || os 

the axes of these plates are parallel i 

(Fig. 296), the entire beam is wholly i | | 
transmitted; if the axes are per- | 

pendicular to each other, the beam an in 
is wholly intercepted; if the axes Big. 296. 
are oblique to each other, the beam is partially transmitted 
and partially intercepted. 

This can be further illustrated by Fig. 297. A and C rep- 
resent two gratings with parallel bars, corresponding to the 
plates of tourmaline. Sis a 
cardboard corresponding to 
the transverse vibrations of a 
light-wave. 

It can be readily seen that 
the vertical portion passes 
through the bars at A. This 
is the polarized ray, the vibrations being all in one plane. 
It is evident also that it cannot pass through the bars at C in 
their present position. 

That which polarizes light is called a polarizer, and what- 
ever is used to examine polarized light is called an analyzer. 
Of the two tourmaline plates mentioned, the first is a polar- 
izer, the second an analyzer. To test whether light is polar- 
ized, it is usual to observe it through an analyzer, and to notice 
whether there be any change of brightness as the analyzer is 


Fig. 297. 


rotated. 

If the rays that have passed through a erystal of Iceland spar be 
tested by a plate of tourmaline, it is found that they are polarized in 
planes which are perpendicular to each other. 

Light may be polarized by reflection and ‘refraction. We have 
seen, when a ray of light, A C, falls on a surface separating two 
media (Fig. 298), that it is separated into two parts, one of which, 
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CD, is refracted, and the other, CB, is reflected. When these two 
parts are perpendicular to each other, the reflected ray is polarized 
in a plane at right angles to 
the reflecting surface. 

The refracted ray is also po- 
larized, and will contain just as 
much polarized light as the re- 


flected ray. 


The angle at which the re- 
Fig. 298. flected ray is completely polar- 

ized is called the angle of polarization. 

For glass this angle is 54°35’. At any other angle the reflected 
ray is only partially polarized. 

By means of the interference of polarized light many beautiful 
effects are produced. 

If we place a thin disk of Iceland spar be- 


tween the tourmaline plates, 


Nhe = and have the axes of the 
Y ’ NN plates perpendicular to each 
‘Ae 


other, there will be seen a 


2 OF, ; : ; 
AN bay df ji series of colored rings trav- 
Wa y ey : 


ie, ersed by a black cross. If 


Fig. 299. 


the axes are parallel, we , 
. : . Fig. 300. 
have a white cross instead of pita 
black, and the colors of the rings are changed to their complementary 


ones. Figs. 299, 300, represent these results. 


434. The Tourmaline Pincette. — The best method of 
observing the varied colors of polarized light is by means of 


Fig. 301. 


an apparatus called the tourmaline pincette. This is a small 
instrument (Fig. 301), consisting of two tourmaline plates cut 
parallel to the axis, each being fitted in a metallic disk. The 
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tourmalines turn with the disks, and can be rotated and in- 
clined to each other at any angle. 

The disks are perforated in the centre, blackened, and mounted 
in a frame of metal coiled at one end so as to form a spring and press 
together the tourmalines. 

The substance to be examined is fixed upon a cork disk, M, and 
then placed between the tourmalines. The pincette is held before the 
eye so as to view diffused light. ‘The tourmaline farthest from the eye 
acts as a polarizer, and the other as an analyzer. 


435. Applications of Polarized Light. — Polarization 
enables us to know whether the light that comes to us from 
a substance is reflected from its surface. We can determine 
the light of the heavenly bodies in this way, like the moon and 
planets, which send the sun’s rays. Polarization is also use- 
ful in ascertaining the nature of precious stones and in study- 
ing crystals. 

If a beam of polarized light be passed through a solution of cane- 
sugar, the plane of polarization will be rotated towards the right; if 
through fruit-sugar, towards the left. By this method the amount 
of pure sugar in sirups or solutions can be discovered. 


436. The Rainbow is a brilliantly colored arc, formed 
by reflection, refraction, and dispersion of solar light by rain- 
drops. 

It is necessary to the formation of the bow that the sun 
should shine when the drops are falling, and that the ob- 
server should stand with his back to the sun, between the 
drops and the sun. 

Two rainbows are often observed at the same time: the 
inner and brighter one is called the primary; the outer and 
fainter, the secondary. 

Fig. 302 shows the course of the rays in the formation of 
arainbow. It will be observed that in the case of the sec- 
ondary bow the rays coming from S'S’ suffer two refrac- 
tions and two reflections in the drops, vand r, before reaching 
the eye. In the primary drops, 7 and v, the rays from S'S!” 


376 OPTICS. 


suffer two refractions and one reflection ; hence not so much 
light is lost, and the bow is brighter. The result is, that the 
emergent light is resolved into the seven prismatic colors for 
each bow, only those of the secondary are in the reverse order 
of the primary on account of the additional reflection. 


) 
G! 


Ss: 
S 


In the primary bow, violet oceupies the inside, red the outside ; 
in the secondary, violet the outside and red the inside, the interme- 
diate colors taking their proper order. 


437- The Manner in which the rays come to the eye 
from the seven drops to form the primary bow is shown in 
Fig. 303. 

The secondary is formed 
in a similar way except that 
the eye catches the red ray 
from the first drop and vio- 
let from the seventh, the 
, intermediate drops furnish- 

_ ing their respective rays. 
Fig. 303. Of course the seven drops 
of the secondary bow are above the seven of the primary. 


fh 
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The colored rays from each drop that do not reach the eye are 
shown in the figure. 

The eye occupies a position on a line which, if produced, passes 
through the sun and the centre of the rainbow circle. 

The red rays of the primary bow as they emerge from the drops 
make an angle with the sun’s rays of 42°, the blue rays 40°, and the 
other colors between these. The different colors will be seen in ares of 
concentric circles, the emergent rays making the constant angles just 
given. 

The angles which the rays of the secondary make are larger than 
those of the primary. 

As the sun goes towards the horizon the bow rises ; when it is in 
the horizon it forms a semicircle. 

If the sun is below the horizon and the observer on an elevation, 


the whole bow may be seen. 
The primary bow disappears if the sun is more than 42° above the 
horizon; the secondary, if more than 54°. 


Since the position of the rainbow depends upon the direc- 
tion of the sun’s rays and the position of the observer, no 
two persons see precisely the same bow, although, if they 
are near together, the bows very nearly coincide. 

The rainbows of any two successive moments are not the 
same, for the drops that form them are constantly succeeding 
one another in rapid succession. 

We often see the colors of the rainbow in the dewdrop, in icicles, 
in the ice that often clothes the twigs and branches of trees in winter. 
The entire circle of rainbows may be seen in the spray that arises from 
cataracts. The halos often seen around the moon and sometimes 
around the sun are supposed to be due to reflections and refractions 


of the light. 


438. The Properties of the Spectrum.— The seven 
rays enumerated differ in illuminating power, the middle rays 
being those which possess the greatest illuminating power ; 
that is, the most powerfully illuminating rays lie midway be- 
tween the heat rays and the actinic rays, namely, in the yellow. 

If a thermometer be held for a time in the different rays, 
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beginning at the violet, it will show an increase of heat till it 
comes outside of the red rays, where it is greatest. 

The actinic rays are those that produce chemical changes. 
If a strip of paper, prepared with nitrate of silver, be placed 
in the spectrum, it will be least changed in the red, and in 
passing towards the violet end this change will increase till it 
becomes the greatest beyond the violet. 


In Fig. 288 we have represented by means of curves the relative 
intensities of the three properties of the spectrum. 

The rays below the red of the spectrum, or ultra-red rays, and 
those above the violet, or ultra-violet rays, are called invisible rays, to 
distinguish them from the colored portions of the spectrum, which are 
called the visible rays. Strictly speaking, however, no rays are visi- 
ble or invisible; it is not the rays that are seen, but the objects they 
illuminate. 


439. Fluorescence and Calorescence. —If the ultra- 
violet rays are permitted to fall upon certain substances, as 
sulphate of quinine, for example, or common paraffine oil, their 
refrangibility is lowered and they become luminous. This 
change is called fluorescence, the name having been originally 
suggested by a variety of fluor spar which produces the effect. 

Tyndall has succeeded in raising the refrangibility of the 
ultra-red rays and in making them visible. He brought the 
rays of the electric lamp to a focus by means of a reflector, 
and then stopped the luminous rays by interposing a vessel 
of rock-salt containing a solution of iodine. He found that 
a piece of platinum foil when brought into the focus was 
heated to incandescence, and thus emitted light as well as 
heat. This transformation of dark heat-rays to light he called 
calorescence. Sunlight will produce similar effects, but the re- 
sults are not so marked. 


440. Chromatic Aberration. — The light that falls on a 
lens is decomposed into colored rays of different degrees 
of refrangibility. These rays are brought to different foci 
along the axis, giving rise to a multitude of partial images 
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of different colors, which by superposition produce a single 
image slightly indistinct, and fringed with all the colors of 
the spectrum. This scattering of the colored rays to different 
foci is called chromatic aberration. 


Fig. 304 shows the phenomenon of chromatic aberration. The red 
rays, being less deviated 
than the others, are brought 
to a focus beyond them at 
r, while the violet rays, 
being more refrangible 
than the others, are 
brought to a focus within Fig. 304. 
them at v. Between v 
and r the intermediate colors are also brought to foci. 


441. Achromatic Combinations.— An AcHROMATIC 
ComBINATION consists of two or more lenses of different 
kinds of glass, so constructed as to neutralize the effect of 
dispersion. 

The combination usually consists of two lenses: a convex 
lens made of crown glass, and a concave lens made 
of flint glass, as shown in Fig. 305. Flint glass dis- 
perses light more than crown glass. The combina- 
tion, having its thickest part at the middle, is 
convergent. The dispersion of the rays by one of 
the lenses is exactly neutralized by a dispersion of 
them in an opposite way, so that the image is nearly 
colorless. 


Such combinations of lenses are called achromatic, and 
are the ones used in the construction of telescopes. 


Summary. — 
Double Refraction. 
Definition and Illustration by Figure. 
Cause of Double Refraction. 
Ordinary and Extraordinary Rays. 
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SECTION V.—THEORY AND CONSTRUCTION OF OPTICAL INSTRUMENTS. 


442. Optical Instruments. — The properties of mirrors 
and leuses have led to the construction of a great variety of 
instruments, which, by increasing the limits of vision, have 
opened to our senses two new worlds that had else remained 
unknown to us, the one on account of its minuteness and the 
other on account of its immensity. 

Of the optical instruments, the most useful and interesting 
are microscopes and telescopes. 

Besides these a great variety of other instruments have 
been devised, such as the magie lantern, the photo-electric mi- 
eroscope, the solar microscope, the camera obscura, and the 


stereoscope. 


443. Microscopes. — A Mrcroscopr is used for viewing 
near objects. 

Microscopes may consist of a single lens or a combination of lenses. 
We shall describe the two kinds, the simple and the compownd. 


444. The Simple Microscope, or magnifying-glass, 
consists of a double-convex lens of short focal distance. It 
is usually set in a frame of metal or of horn, and held in the 


hand. 

The object is placed between the lens and its principal focus. 
The image is erect, virtual, and magnified (Fig. 278). The visual 
angle subtended by the image is greater than that subtended by the 
object ; hence the enlargement of the image. 


445. The Compound Microscope consists essentially 
of a double-convex lens called the odject-lens, and a second 
double-convex lens called the eye-piece. 

Fig. 306 shows the instrument in section, and makes 
known the course of the rays. 

The object to be observed is placed at a, between two 
plates of glass upon a support. o is the object-lens, and O the 
eye-piece. The object, a, being placed a little beyond the 
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principal focus of the object-glass, this lens produces a real 
image, 6c, which is inverted and enlarged. The eye-piece, 
O, is so placed that its principal 
focus is a little beyond the image, 
be. This lens then acts as a sim- 
ple microscope, and magnifies the 
image as though it were at BC, 
The compound microscope ex- 
cels the simple in magnifying 
power because with it we examine 
not the object itself but an en- 
larged image of it. The magni- 
fying power of a microscope is 
generally expressed in diameters. If 
it makes the breadth of the object 
appear 100 times as great as it 
really is, it is said to magnify 
100 diameters, the surface being 
magnified 100? = 10,000 times. 


Compound microscopes are con- 
structed whose magnifying power is 
1,800 diameters ; but what is gained in 
power is often lost in distinctness. A 
good magnifying power is 600 diame- 
ters, which gives 360,000 in surface. 

The magnifying power depends up- 
on the object-lens. This power is in- 
creased by combining two or three 
lenses, as shown at H, on the right of Fig. 306. The eye-piece and 
object-glass often consist of two or more lenses, acting, however, as 
a single lens, for the purpose of remedying the defect arising from | 
spherical and chromatic aberrations. | 

The maguifying power of the compound miecroseope is equal to | 
the magnifying powers of the two glasses. 

As there is no more light on the magnified image than on the ob- 
ject itself, the object must be strongly illuminated, so that the diffused 
light may be sufficient to ineet the eye. To secure this, the object, 
when transparent, is illuminated by a mirror, M (Fig. 306), which 


Fig. 306. 


—— 
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concentrates the light upon it. When the object is opaque, it can be 
illuminated by a lens, which concentrates the rays upon it from above. 
The microscope is used in the study of botany to discover the 
laws of the vegetable world ; in entomology, to study the habits of 
minute insects; in anatomy and medicine, to study the laws of ani- 
mal physiology; in the arts, to discover the composition of mixtures ; 
in commerce, to detect the nature of stuffs; and so on. Its use is 
almost universal, either as an instrument of research or of curiosity. 


446. Telescopes. — A TELEscopr is an optical instrument 
for viewing objects at a distance. 

Telescopes may be divided into two classes, refracting tele- 
scopes and reflecting telescopes. 

In the first class a lens, called the olject-lens, is employed 
to form an image; in the second class a mirror or speculum 
is employed for the same purpose ; in both, the image formed 
is viewed by a lens, or combination of lenses, called the eye- 
piece. The manner of arranging these component parts, 
together with the nature of the auxiliary pieces employed, 
determines the particular kind of telescope. We will first 
consider the refracting telescopes. 


447. The Galilean Telescope, named from its illus- 
trious discoverer, GALILEO, consists essentially of a conver 
object-glass, which collects the rays from an object, and a con- 
cave eye-piece, by means of which the rays from each point of 
the object are rendered parallel, and capable of producing 
distinct vision. 


Fig. 307. 


Fig. 807 shows the course of the rays in the Galilean tele- 
scope. Pencils of rays from points of the object, A B, falling 
upon the object-lens, O, are converged by it, and tend to 
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form a real and inverted image beyond the eye-piece, 0. The 
concave eye-piece is placed so as to intercept the rays coming 
from the object-glass, being at a distance in front of the in- 
verted image equal to its own principal focal distance. In con- 
sequence of this arrangement, the pencil of light coming from 
A is converged by the object-glass, and, falling upon the eye- 
piece, is diverged and refracted so as to appear to the eye to 
come from a. In like manner the pencil from B appears te 
the eye to come from 6. 

The image is erect and virtual, and because the visual angle 
(Art. 376) under which the image is seen is greater than that under 
which the object would be seen without the telescope, it appears 
magnified. 

Opera-glasses are simply Galilean telescopes. The length of this 
telescope is equal to the difference of the focal lengths of the 
two glasses, and therefore has the advantage of being short and 
portable. 


448. The Astronomical Telescope consists essentially 
of two convex lenses, the one, 0, being the object-lens, and 
the other, O, the eye-piece. The object-glass forms an in- 
verted image of the object, which is viewed by the eye-piece. 

Fig. 308 represents the course of the rays in this instru- 
ment. A pencil of rays coming from A is converged by o 
to a focus, a, while a pencil from 4 is brought to the focus, d. 
In this manner the lens, 0, forms an image, ad, of an object, 


Fig. 308. 


A B, which image is real and inverted. The eye-piece, O, is 
placed at a distance from aé a little less than its principal 
focal distance. The pencil coming from the points a and 6 of 
the image are refracted so as to appear to come from the points 
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eandd. The visual angle is greater than it would be in view- 
ing the object without the telescope, and consequently the 
object appears to be magnified. 

In this, as in all other telescopes, the eye-piece is capable of being 
pushed in or drawn out, to enable the observer to accommodate it to 
near as well as distant objects. 

The object-glass is made as large as practicable, to illuminate the 
image as much as possible, and should be achromatic (Art. 441). 

The size of the image increases with its distance from the object- 
glass; it should therefore be of small convexity, that its focal dis- 
tance may be as great as possible. The eye-piece should have 
great convexity, and consequently short focal length, as it does the 
magnifying. 

To find the magnifying power of a telescope, we divide the focal 
length of the object-glass by that of the eye-glass. 

This telescope differs from the microscope in these respects; the 
object-glass of the latter is as small as possible, very convex, and 
also has the object to be examined very near it, so that the image 
formed is much beyond the principal focus, and greatly magnified. 
Consequently both object-glass and eye-glass magnify. Whereas, 
in the telescope, the heavenly bodies being at an immense distance, 
the incident rays are parallel, and the image formed in the principal 
focus of the object-glass is smaller than the object itself. The object- 
glass also, as has been stated, is as large as possible, has very little 
convexity, and does no magnifying, the eye-piece doing that. 

The length of the astronomical telescope equals the swm of the 
focal lengths of the two glasses. 


449. The Terrestrial Telescope differs from the astro- 
nomical telescope in having two additional lenses, which 


together constitute what is called an erecting-piece. 'The 
object of the erecting-piece is to invert the image formed by 
the object-lens, so that objects may appear erect when viewed 
through the telescope. 
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Fig. 309 shows the course of the rays in a terrestrial tele- 
scope. AB is the object, o is the object-lens,m and n, two 
convex lenses, constitute the erecting-piece, and O is the 
eye-prece. 

The erecting-piece is so placed that the distance of the 
image, J, shall be at a distance from m equal to its principal 
focal distance. 

A pencil of rays from A, falling upon the object-lens, is 
converged to a focus at the lower end of the image, /; the 
pencil proceeding from / is converted into a beam by the 
lens, m, directed obliquely upwards, which beam is converged 
to a focus at 7. In this manner an erect image, 7, is formed, 
which is then viewed by the eye-piece, O. The eye-piece re- 
fracts the pencils coming from the image, 7, so as to make 
them appear to come from ad. 

The angle under whichaé is seen is the viswal angle, and, 
being greater than the angle under which A B would be seen 
without the telescope, the object is magnified. 

The magnifying power is the same as in the astronomical tele- 
scope provided the correcting glasses, m and n, have the same con- 
vexity ; the loss of light, however, is greater. 

The terrestrial telescope is used at sea and on land for viewing 
objects at a distance. 


450. Reflecting Telescopes.—A Reriectinc TeLe- | 
SCOPE is one in which the image of a distant object is 
formed by means of a reflector or speculum, which image _ 
is then viewed by an eye-piece. The eye-piece is either a — 
single lens or a combination of lenses. 

One of the first telescopes of this description was con- 
structed by Newton, and this is the only one of the kind 
which we shall describe in detail. 


451. Newtonian Telescope. — Fig. 310 shows the tele- 
scope of Newron in section, and indicates the course of the 
rays of light. 

M is a parabolic mirror placed at the bottom of a long 
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tube. This reflector tends to form a small image of an object 
at the other end of the tube. But before the rays reach the 
image they are intercepted by a prism of glass, mn, so ar- 
ranged that the rays enter its first face without deviation, 
and strike its second face so as to be totally reflected, which 
causes the image to be formed atab. The prism, mn, re- 
places the inclined mirror used in the old form of Newtonian 
telescope. ‘The image thus formed is viewed by an eye-piece 


Fig. 310. 


through the side of the telescope. The eye-piece in this tele- 
scope is made of two plano-convex lenses, as shown in the 
figure, the combined effect of which is to cause the image to 
appear in the position 6A, giving a great power to the tele- 
scope. 


452. Herschel’s Telescope. — Sir Winiiam Herscuet, 
of London, modified the Newtonian telescope by inclining 
the mirror, 4, so as to throw the image to one side of the 
tube (Fig. 311), where it could by viewed by a magnifying 
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eyé-piece, the observer’s back being turned towards the 
object. 

The largest reflecting telescope ever made is that of Lord Rosse, 
which has a diameter of 6 feet and a focal length of 58 feet. It is at 
present used as a Newtonian telescope, but can be used like Herschel’s. 


453- The Magic Lantern is an apparatus for forming 
upon a screen enlarged images of objects painted on glass. 

Fig. 312 represents a section of the lantern. It is com- 
posed of a box, in which a lamp is placed before a reflector, 
M; the light is reflected upon a lens, Z, and is converged so as 
to illuminate strongly the plate of glass, a, upon which the 
picture is painted. Finally, a combination of two lenses, m, 


Fig. 312. 


acting as a single-convex lens, is placed so that the plate, ad, 
shall be a little beyond its principal focus. At this distance 
the lenses produce (as shown in Fig. 277) a magnified and 
inverted image of the picture painted on the glass. The pic- 
ture on the glass should be inverted, in order that its image 
may appear erect. 

The image on the screen will be the more magnified as the plate, ab, 
approaches the principal focus of the compound lens, m. It will 
also be the more magnified as the compound lens inereases in 
power. 

The magnifying power of the lantern is found by dividing the 
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distance of the lens, m, from the image by its distance from the 
object. 


454. The Polyrama and Dissolving Views. — The 
PoLtyrRAMA consists of a double magic-lantern, with two cut- 
off sereens. DrssoLvinc Views are obtained by using both 
lanterns. Thus, if a picture of a daylight scene be painted 
on one of the slides, and of the same scene by moonlight be 
painted on the other, the first picture is thrown upon the 
screen strongly illuminated, the other one being entirely ex- 
cluded by a screen that cuts off the second lens. By an 
arrangement operated by the exhibitor, the light is gradually 
cut off from the first picture and admitted upon the second, 
the first fading away insensibly while the second as gradu- 
ally grows brighter. In this way all the effects intermediate 
between full daylight and full moonlight may be obtained in 
succession. 

A voleano, calm, and only surmounted by a light cloud of smoke, 
may be followed by a picture of the same volcano sending forth vol- 
umes of flame and smoke. A storm may be made to succeed a 
smiling landscape, and so on. The illusion is complete. 

Since the brightness of the image diminishes as we enlarge it, our 
illuminating power must be very great. Instead, therefore, of oil 
lamps, the magnesium, calciwm, and electric lights are used to intensify 
the light. 

The magnesium light is made by burning a narrow ribbon of the 
metal; it gives a brilliant and dazzling light. 

If a piece of unslaked lime is placed in a flame of mixed hydrogen 
and oxygen gases from a blow-pipe, a vivid light is the result; this 
is called the calcium light. 

The electric light is the brightest of artificial lights, and is briefly 
described in the next article. 


455. Ihe Photo-Electric Microscope is constructed 
on the same optical principles as the magic lantern, except 
that the light employed is obtained by passing an electric 
current between two charcoal points. 

Fig. 313 represents in detail the arrangement of this instru- 
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ment. At the foot of the apparatus is a battery for gen- 
erating electricity, which will be described hereafter. The 
electricity is conveyed to the charcoal points in the box, B, 
by means of two copper wires, one going to the upper and the 
other to the lower point. The points being slightly sepa- 
rated, the circuit is completed only by the electricity passing 


Fig. 313. 


across the interval, which gives rise to a light of extreme 
brillianey. 

In the figure, 7 represents a parabolic reflector for concen- 
trating the light upon the slide, X, through a lens, C. D is 
alens which forms a magnified image of the minute object on 


a screen. The tube in which the lens, Y, is placed may be 
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drawn out or pushed in to vary the magnifying power of the 
apparatus. 

The magnifying power of this instrument may be made extremely 
great, and by suitable management it serves to show to a large com- 
pany the wonders of the microscopic world. One of the most re- 
markable experiments made with it is to show the circulation of the 
blood. Instead of a picture on the slide, let the tail of a tadpole be 
placed between two plates of glass and introduced. There will ap- 
pear upon the screen what seems an illuminated map, all of whose 
streams flow with a rapid current. It is but the blood circulating 
with great velocity through the arteries and veins. 

The phenomena of crystallization are exceedingly beautiful when 
seen by this microscope. If a drop of a solution of sal ammoniae, for 
example, be poured upon a plate of glass, and then introduced into 
the instrument, the heat will cause the water to evaporate, producing 
one of the most beautiful examples of crystallization that can be ex- 
hibited. The minute animalcula of solutions and stagnant water can 
be shown by this microscope. 

When the magnesium, calcium, or electric light is used, the lan- 
tern is called a stereopticon. 

To the oil-lantern the names magic lantern, lamposcope, and 
sciopticon are given. 
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Fig. 314. 


456. The Solar Microscope. — When the light of the 
sun is used instead of the electric light, the apparatus is called 
the solar microscope. M (Fig. 314) is an inclined mirror 
which throws the solar rays into the tube of the microscope 
through the lenses, A and #, which concentrate them upon 
the object,O. The lens, Z, then brings them to a focus at a, 
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The endless screw, &, gives the proper inclination to the 
mirror. 
Summary. — 
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Photo-Electric Microscope. 
Its Practical Value in the Microscopie World. 
Different Names given to the Lantern. 
Solar Microscope. 
Construction and Method of using it explained by Figure. 

457- Camera Obscura.—The camera obscura (dark 
chamber) is, as its name indicates, a closed space, as, for ex- 
ample, a room shut off from the light, with the exception of 
the luminous rays that are allowed to enter through a small 
aperture, as shown in Fig. 315. 

The rays proceeding from external objects and entering 
through this aperture form 
on the side opposite the 
aperture an image of the 
object, inverted and di- 
minished in size, but re- Fig. 315. 
taining the colors of the object. The inversion of the image 
is due to the crossing of the rays. 

If the aperture is a large one, the rays are scattered indis- 
criminately over the whole picture, and the image is not so 
distinct as when the aperture is small. The image will be 
distorted if the screen is not perpendicular to the direction of 


the rays. 

The images formed by a camera obscura possess the remarkable 
peculiarity of being entirely independent of the shape of the opening, 
in the box, provided it be quite small. The shape of the images is the 
same, whether the opening be square, round, triangular, or oblong. 

To show this, let us consider the case of a beam of solar light en- 
tering a dark room through a-hole in a shutter (Fig. 316). With 
respect to the sun, the hole in the shutter is but a point; hence the 
group of rays which enter it form in reality a cone whose base is the 
sun. The prolongation of these rays into the room makes up an- 
other cone similar in shape to the first, and if this cone be intercepted 
by a sereen perpendicular to the line joining the hole with the centre 
of the sun, the image formed will be a circle. If the rays are inter- 
cepted by an oblique plane, as in the figure, the image is elliptical, 
but it never takes the form of the hole when that is small. 


394 OPTICS. 


In accordance with this principle, we find the illuminated patches 
of earth formed by light passing between the leaves in a forest of a 
circular or elliptical shape. In an eclipse of the sun, when the visi- 
ble portion of the sun is of crescent shape, the patches of light all as- 
sume the crescent form ; that is, they are images of the visible part of 
the sun. 


458. Camera and Lens. —If a double-convex lens be 
placed in the aperture and a screen in the focus, the image 
will be brighter and more sharply defined. 
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Fig. 816. 


If now, instead of the room, we substitute a box, we shall 
have the ordinary camera used in sketching the outlines of a 
landscape or building, and also employed in the various 
branches of photography. This latter use constitutes its 
principal importance at the present time. 

When the rays of light passing into the camera through 
the lens are allowed to strike upon a mirror inclined at an 
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angle of 45°, they are reflected to the top of the box, and if a 
plate of ground glass be inserted there an upright image will 
be formed. 

This image can very easily be copied by means of tracing- 
paper laid upon the glass. 

A camera arranged in this way is very convenient for artists in 
sketching landscapes. It may also be used as asource of amusement 
in representing street scenes with all their life and motion. The box 
containing the mirror is generally made to slide in the box to which 
the lens is fitted, so that the focus cau readily be found. 
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459. Portable Camera for Artists. — For taking views 
the camera obscura should be light and portable. The best 
form is that shown in Fig. 317. It consists of a sort of portable 
tent of black cloth, within which is a table for receiving the 
image, and at the top of which is a tube bearing a prismatic lens, 
that produces the combined effect of the mirror and lens. The 
fizure projected upon the table may be traced out with a pen- 
cil on a sheet of white paper. 
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Fig. 317. 
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Fig. 518 shows the course of the rays in forming the image. 
The rays coming from the object, A B, fall upon the convex 
face of the lens and are converged, and in this state they reach 
the plane surface, m, which is inclined to the horizon. Being 
totally reflected from the surface, m, they emerge through the 
slightly concave surface below, and go to form an image, ad, 
on the table, P. A sheet of paper is spread on P to receive 
the image, and on it the outlines may be traced. 


Fig. 318. 


460. The Photographer’s Camera. — Fig. 319 repre- 
sents the form of camera used in the process of photograph- 
ing. It consists of a rectangular wooden box, ©, to one face 
of which is attached a tube, A, bearing a lens, which forms 
the image. The opposite face of the box consists of a sliding 
drawer, B, holding a plate of ground glass, upon which the 
image, /, is thrown, and by drawing it out or sliding it in, the 
picture may be rendered distinct upon the glass. The final 
adjustment in getting the plate of glass in the focus is made 
by means of the pinion, D, When the image is clearly de- 
fined, the plate of glass is removed, and a plate of metal or 
glass introduced which has previously been prepared by cer- 
tain chemical processes so as to be sensitive to the actinic 
property of the sun. The image is then imprinted on this 
plate. 

There are two kinds of photographie pictures, positive and 
negative. Positive pictures are those that have their lights 
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and shades in their proper relative position ; negative pictures 
are those in which the lights and shades are reversed in 


position. 


A negative picture is taken on glass in the way described; it is 
then placed upon paper chemically prepared, and exposed to the sun’s 
rays, thus producing a positive picture. The full details of the pro- 
cesses involved in the art of photography belong to the province of 
chemistry rather than physics, and will not be considered here. 


Fig. 320. 


461. The Eye is a collection of refractive media, by 
means of which we are made acquainted with the external 
world through the sense of sight. 

As an optical instrument the eye is not, as generally supposed, 
theoretically perfect; it has faults, to some extent, of spherical 
and chromatic aberration, but its remarkable properties of self-adapta- 
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tion and self-adjustment make it a practical instrument of marvellous 
power. 

The shape of the eye is spherical, with a slight protuber- 
ance in front; the average diameter of the human eye is a 
little less than nine tenths of an inch. Fig. 320 represents 
a section of an eye, with some of the coverings thrown back 
so as to show the position of the parts. 

The front part of the eye is limited by a perfectly trans- 
parent membrane, c, called the cornea. The remainder of the 
exterior coating is an opaque white membrane, 5, called the 
sclerotic coat; this is a tough, white, opaque, fibrous mem- 
brane. The cornea is set in the sclerotic coat, as a watch- 
glass is set in its frame. 

Immediately behind the cornea is a transparent fluid, lim- 
pid as water, called the aqueous humor. In this floats a 
circular curtain, 47, attached by its outer edge to the sclerotic 
coat, and having a small circular opening at its middle. ‘The 
curtain is called the zr7s, and the hole in its centre is called 
the pupil. The iris gives color to the eye, being black, blue, 
gray, etc. It is muscylar, and by the contraction and ex- 
pansion of the fibres, the pupil may be enlarged or dimin- 
ished; it is through the pupil that rays of light enter the 
eye. 

Behind the iris is a double-convex lens, 0, called the erys- 
talline lens ; it is of the consistence of gristle, perfectly trans- 
parent, more curved behind than in front, and is denser 
towards its middle than at the edges. ‘This lens, with the 
cornea, serves to converge the rays to foci behind it. Imme- 
diately behind the crystalline lens is a medium nearly filling 
the remainder of the cavity of the eye, called the wtreous hu- 
mor ; it is of the consistence of jelly, and perfectly transpar- 
ent, permitting the rays to pass through it. These humors 
keep the eye symmetrical. 

Immediately behind the vitreous humor is a thin white ex- 
pansion of the optie nerve, N, lining nearly all of the scle- 
rotic coat; this is called the retina, and is the seat of vision, 
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Behind the retina, and between it and the sclerotic coat, is 
a fine velvety coating called the choroid coat, covered with a 
black pigment, which absorbs the rays that pass the retina, 
preventing internal reflection. The sensation of sight is 
conveyed to the brain by the optic nerve, which goes to the 
brain. 


462. The Mechanism of Vision. — The action of the 
eye is similar to that of the camera obscura, except more per- 
fect: the pupil corresponds to the hole in the shutter, the 
crystalline lens and cornea form the image, and the retina is 
the screen on which the image falls. The zris corresponds to 
the diaphragm, which is used in the ordinary camera to mod- 
erate the light by cutting off all the rays except those which 
fall upon the central part of the lens. 

The image on the retina is inverted, as shown in Fig. 320, for 
the rays cross as in the ordinary camera. This can -be proved by 
taking the eye of an ox and paring off the back of it so as to nearly 
expose the retina; then hold in front of the eye a candle, its inverted 
image can be seen in the back of the eye. 

Many theories have been proposed to explain why we do not see 
inverted images of objects. The fact that we always see images 
erect seems to be due to the interpretation by the mind of the sensation 
carried to the brain by the optic nerve. The sense of touch is also 
supposed to assist in determining correctness of position. 


463. Distinct Vision. — The eye adapts itself to different 
distances by changing the convexity of the crystalline lens by 
muscular contraction and relaxation. For distant objects 
the lens is made less convex, as the rays are more readily 
brought to a focus upon the retina; but for near objects the 
lens is rendered more convex on account of the greater difli- 
culty of securing the focus. 

The eye adjusts itself to different degrees of intensity by 
varying the size of the pupil. If the light is too intense, the 
iris contracts the pupil so that less will enter; if too weak, it 
expands the pupil, thus admitting more light. 
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Each impression made upon the retina lasts about an eighth of a 
second ; if it last a less time than this, there is no distinctness of out- 
line. When the impressions succeed one another with greater rapid- 
ity than this, one continuous impression will be produced. Falling 
drops of rain appear like liquid threads; a stick whirled round rap- 
idly with a spark of fire at one end gives a circle of light, as men- 
tioned in Art. 421. The spokes of a carriage-wheel revolving with 
great velocity cannot be distinguished. 


464. Near-sightedness and Far-sightedness. — Per- 
sons who see distinctly only at very short distances are said 
to be near-sighted ; and those who can only see distinctly at a 
long distance, far-sighted. 

NEAR-SIGHTEDNESS Comes from too great convexity of the 
cornea or crystalline lens, or both; also from too great an 
elongation of the eyeball, so that the retina is too distant. 
The effect is to bring the rays to foci before reaching the ret- 
ina, giving an indistinctness to vision. This defect is remedied 
by holding the object very close to the eye, or by using spec- 
tacles with concave lenses, which diverge the rays before 
falling upon the cornea, and thus enable the media of the eye 
to bring them to foci upon the retina. If the eyes are unlike, 
the lenses should be of different power. 

FAR-SIGHTEDNESS is a defect just the reverse of near-sight- 
edness. It arises from too great flatness in the cornea or 
crystalline lens, or it is due to the retina being too near the 
cornea on account of the flatness of the whole eyeball, so 
that rays of light are brought to foci behind the retina. This 
defect is remedied by using spectacles with convex lenses. 

465. Vision with two Eyes. — An image of every ob- 
ject viewed is formed in each eye; yet vision is not double, 
but single. 

This is undoubtedly owing to the way the eyes are con- 
nected with the brain and with each other by means of the 
optie nerve. They are not so much two distinct organs as 
one double organ, both parts of which are associated for the 
purpose of performing a single act. 
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466. The Stereoscope. — Simultaneous vision with two 
eyes is supposed to give us the idea of relief, or form of ob- 


jects, —a view which receives confirmation from the action of 


the stereoscope. 

This is an apparatus employed to give to flat pictures the 
appearance of relief, that is, the appearance of having three 
dimensions. 

When we look at an object with both eyes, each eye sees a 
slightly different portion of it. Thus, if we look at a small 
cube, as a die, for example, first with 
one eye and then with the other, the 
head remaining fast, we shall observe 
that the perspective of the cube is dif- 
ferent in the two cases. This will be 
the more apparent the nearer thé 
body. 

If the cube has one face directly in 
front of the observer, and the right 
eye is closed, the other eye will see 
the front face and also the left-hand 
face, but not the right; if, however, 
the left eye is closed, the other eye 
will see the front face and also the 
right-hand face, bat not the left. 
Hence we know that the two images 
formed by the two eyes are not abso- 
lutely alike. It is this difference of images which gives the 
idea of relief in looking at a solid body. 

If, now, we suppose two pictures to be made of an object, 
the one as it would appear to the right eye and the other as 
it would appear to the left eye, and then look at them with 
both eyes through lenses that cause the pictures to coincide, 
the impression is precisely the same as though the object itself 
were before the eyes. The illusion is so complete that it is 
almost impossible to believe that we are simply viewing pic- 
tures on a flat surface. 


Fig. 321. 
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Such is the theory of the stereoscope. Fig. 321 shows the course of 
the rays in this instrument as just described. .A represents a picture 
of the object as it would be seen by the right eye alone ; B, a picture 
of the same object as it would be seen by the left eye alone; m andn 
are lenses which deviate the rays so as to make the pictures appear to 
be coincident at C. 

The lenses m and n ought to be perfectly symmetrical, and this 
result is attained by cutting a double-convex lens in two, and placing 
the right-hand half before the left eye, and the other half before the 
right eye. The pictures must be perfectly executed, which can be 
done only by means of the photographie process. The pictures 
are made by using two cameras inclined to each other in the proper 
angle. 
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Formation of the Image explained by Figure. 

Result when the Aperture is Large. 

When the Aperture is Small the nage is independent of 

its Shape. 

Illustration of this fact by Figure. 
Camera and Lens. 

Its Value in forming Distinet Images. 

Artist’s Camera. 

Portable Camera for Artists illustrated by Figure. 

Course of the Rays of Light illustrated by Figure. 
Photographer's Camera. 

Construction and Method of using it explained by 

Figure. 

Positive and Negative Pictures defined. 

Positive made from the Negative. 
The Eye. 

Defects as an Optical Instrument. 

Parts of the Eye shown by Figure. 

Description of the Various Parts of the Eye. 
Mechanism of Vision. 

Inversion of Image on the Retina. 

Theories regarding it. 
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Distinct Vision. 


Adjustment of the Eye to Distance. 
Adjustment of the Eye to Different Degrees of Intensity. 
Duration of the Inpressions on the Retina. 
Examples. 

Near-sightedness and Far-sightedness. 
Definition of the Terms. 
Causes. 

Vision with two Eyes. 
Explanation. 

The Stereoscope. 
Definition. 
Illustrations of the Principle. 

Construction explained by Figure. 


CHAPTER IX. 


ELECTRICITY. 


Part I. --MAGNETISM. 


SECTION I. — NATURE OF ELECTRICITY. — GENERAL PROPERTIES OF 
MAGNETS. 


467. Nature of Electricity. — The real nature of elec- 
tricity is difficult to determine. It manifests itself chiefly in 
attractions and repulsions, but it is also recognized by its 
luminous and heating effects, by its power in chemical de- 
compositions, and, at times, by the violence of its action. 

All electricity has the characteristic of polarity, or two- 
sidedness, and is now generally conceded to be due to molee- 
ular motions. Several theories have been advanced in regard 
to its nature, some of which will be considered hereafter. 

We may conveniently separate it into three divisions: 
Magnetism, which, although formerly ascribed to a special 
force, is now identified with electricity ; Frictional Electricity ; 
and Dynamical Electricity. 


468. Natural and Artificial Magnets. — Natural mag- 
nets are certain ores of iron, and are generally known under 
the name of loadstones. 

The magnet is so called from the town of Magnesia, in 
Lydia, where it was first noticed by the Greeks. It is known 
in chemistry as magnetic oxide of iron. It is now found in 
considerable quantities in Sweden and Norway, as well as in 
many other countries. 
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Artificial magnets are bars of tempered steel, to which the 
property of the natural magnet has been imparted. The 
artificial magnet is far more valuable and powerful than the 
natural magnet, and is generally used in practice. 


Steel is a mixture of iron with a small quantity of carbon, and 
when heated and then plunged into water, it becomes exceedingly 
hard, and capable of retaining the magnetism that may be imparted 
to it. Steel magnets are permanent magnets. 


Fig. 322. 


Magnets may be made of soft iron or untempered steel, but they 
do not retain their magnetism when the exciting cause is removed. 
Such magnets are called temporary magnets. 

Artificial magnets for experiment are made of oblong bars, from 
twelve to fifteen inches in length, as represented in Figs. 382, 333. 
They are sometimes made in the form of a horse-shoe, as shown in 
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Fig. 334. Sometimes they are made in the form of a thin long 
needle, as shown in Fig. 324. This is the form in which they are 
constructed for pointing out the direction of the magnetic meridian, 
as in compasses. In this form they are also used in many magnetie 
experiments. 


469. Distribution of Force in Magnets. — The force 
with which a magnet attracts iron is not the same in all of 
its parts. The attraction is strongest at its extremities, from 
which it decreases towards its middle, where it is nothing. 


Fig. 323. 


This may be shown by plunging one end of a magnetized 
bar into iron filings; on withdrawing it, the filings will be 
seen adhering to it in long filaments, as shown in Fig. 322. 
If the entire bar be rolled in the filings, it will be found that 
they adhere to both ends, but not to the middle. 

The two ends, where the attraction is strongest, are called 
poles, and the central part, where the attraction is nothing, is 
called the equator, or the neutral line, and the magnet is said 
to exhibit polarity. 

Every magnet has two poles and one neutral line, whether the 
magnet be natural or artificial. Sometimes, besides the two prin- 
cipal poles, there are other ininor poles, called secondary poles, In 
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artificial magnets these arise from inequality of temper in the steel 
bars, or from want of proper care in magnetizing them. We shall 
suppose each magnet to have but two poles. 

We shall presently see that a magnet when freely suspended 
always assumes a position with one pole pointing towards the north 
aud the other towards the south. The end pointing towards the 
north is called the north pole, and the other end the south pole. 

To distinguish between the two poles of an artificial magnet, 
the north pole eud is generally marked with a + sign or with the 
letter N. 


Fig. 324. 


The action of a magnet upon iron takes place through intermediate 
bodies. If a magnetized bar be covered with a sheet of paper, and 
then fine iron filings be sifted uniformly over the paper, they will be 
seen arranging theinselves in regular curves around each pole, as 
shown in Fig. 323. No action is observed about the neutral line, 
the filings falling there as on any other surface. 


470. Action between Magnets. —If we compare the 
action of the two poles upon soft iron, we observe the same 
phenomena, — both will attract ordinary iron. It is not so, 
however, when we compare the action of two magnets upon 
each other. If to the same pole of a magnetic needle, ad, 


| 
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balanced on a pivot (Fig. 324), we present in succession the 
two poles of a magnetized bar, held in the hand, we observe 
the curious phenomena that if the pole, a, of the needle is 
attracted by the pole, B, of the bar, the pole, 6, will be re- 
pelled by it; if the pole, a, is repelled, the pole, 6, will be 
attracted. 


471. Hence the following law: Like poles repel, and unlike 
attract each other.- 


472. Effect when a Magnet is broken. —If we break 
a magnet into pieces, every piece becomes a perfect magnet 
with its two poles and neutral line, as shown in Fig. 325. If, 


Tig. 325. 


now, these pieces are still further divided, the number of mag- 
nets will be equal to the number of divisions, and so on in- 
definitely. Thus, we cannot resist the conclusion that each 
molecule is a magnet complete in all its parts. 


cules, the white halves repre- 


In Fig. 326 we have a magnet, NS, showing the polarized mole- 
J senting one pole, the north or 
Fig. 326. positive pole, and the black the 


south or negative pole. 

The opposite polarities neutralize each other at the centre, but 
strongly manifest themselves at the ends of the magnet. 

All the inolecules exact a positive force towards NV and a negative 
towards S. 


473. Magnetic and Diamagnetic Bodies. — Magnetic 
substances are those which are attracted by a magnet, as 
iron, steel, nickel, and cobalt. By using very powerful 
magnets Faraday found that certain substances are repelled 
by magnets, such as bismuth, antimony, zine, tin, mercury, 
lead, silver, copper, gold, and arsenic. These are called 


diamagnetic. 


| 
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The greatest degree of repulsion is seen in bismuth, and 
attraction in iron. But the repulsion between the magnet 
and bismuth is not so strong as the attraction between the 
magnet and iron. 

474. Magnetism by Induction. — Ifa ring of soft iron 
be presented to a mag- 


net, as an iron ring, it 
converts it into a mag- 
net. If a second ring 
be presented to the first, 
it is in like manner con- 
verted into a magnet, 


and so on for a third, 


ea 
fourth, ete. The mag- ieee: 


nets thus formed adhere to one another, as shown in Fig. 
327.. If the bar be removed, the rings cease to be magnets, 
the chain falls to pieces, and the rings separate. This mode 
of exciting magnetic phenomena is called magnetizing by 
induction. 

Induction can be explained by supposing that in the unmagnetized 
rings the two opposite or polar forces neutralize each other, and no 
inagnetie action is exhibited; but when they are brought near the 
magnet these forces separate, and each ring becomes a magnet, and 
unlike poles attract one another, as seen in the figure. The inducing 
inagnet loses none of its magnetic force. 

475. The Coercive Force. — Soft iron brought in con- 
tact with a bar magnet becomes a magnet instantly, and on 
being removed returns to its neutral condition, ceasing to be 
a magnet. With hardened steel the reverse is the case; it 
takes considerable force and some time to render it a magnet, 
and on being removed from the bar it continues to be a mag- 
net. To make the magnetism complete in steel, it must be 
rubbed with one of the poles of a magnet. 

This foree which offers a resistance to the separation of the two 
polarities in magnetic bodies, and also tends to prevent a recombina- 
tion when onee separated, is called the coercive force. 


* 
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Summary. — 

Nature of Electricity. 

How Manifested. 
Characterized by Polarity. 
How Divided. 

Natural and Artificial Magnets. | 
Definition of each. 
Permanent and Temporary Magnets. | 
Forms of Artificial Magnets. | 

Distribution of Force in Magnets. 

Polarity proved by Experiment. 
Position assumed by Magnet when freely suspended. 
Action of a Magnet through Bodies proved by Experiment. _ 

Action between Magnets. 
Shown by Experiment. | 
Law of Magnetie Attraction and Repulsion. 

Effect when a Magnet is broken. | 
Every Piece a New Magnet. | 

Illustrated by Figure. | 

Polarized Molecules illustrated by Figure. | 
Magnetic and Diamagnetic Bodies. 

Definition and Examples of each Class. 
Magnetism by Induction. 

Illustrated by Figure. 

Explanation of Induction. 
Coercive Force. 

Illustrated and defined. 


SECTION II. —- TERRESTRIAL MAGNETISM. — COMPASSES. 


476. Directive Force of Magnets. — When a perma- 
nent magnet is balanced so that it can turn freely in a hori- 
zontal direction, it assumes, after a few oscillations, a deter- 
minate direction, which is very nearly north and south. 

Fig. 328 shows the manner of balancing a needle, and in- 
dicates the north and south direction which it 
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If, instead of mounting the needle on a pivot, it be at- 
tached to a piece of cork and placed in a vessel of water, so 
that the needle may float in a 
horizontal position,it will turn 
itself slowly around and come 
to rest in the same general 
direction as though it were 
balanced on a pivot. In this 
experiment it will be found 
that the needle once in the 
meridian does not advance 
either towards the north or 
south. Hence we infer that 
the force exerted upon the 
needle is simply a directive 


one. 
The force which causes a movable magnet to direct itself 
north and south is called the directive force. 


Since the phenomenon described takes place at all points of the 
earth’s surface, the earth has been regarded as an immense magnet, 
having its north and south poles near the north and south poles of the 
earth, and a neutral line near the equator. This immense magnet, 
acting upon the smaller magnets described, would produce all of the 
effects observed. When we come to explain the action of electric 
currents, it will be seen that there is another explanation of the direc- 
tive power of the earth. 

According to the law that like poles repel and unlike attract, the 
pole, A, in the figure is really the south pole, and the pole, B, the 
north pole of the needle. 

But in practice it is generally customary to call the end of the 
magnet pointing towards the north, the north pole, and the one point- 
ing towards the south, the south pole. 


477. Magnetic Meridian.— Declination.— Variations. 
— When a balanced magnetic needle comes to a state of rest, 
it points out the line of magnetic north and south. Ifa plane 
be passed through the needle in this position and the centre 
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of the earth, it is called the plane of the magnetic meridiun, 
or simply the magnetic meridian. 

This does not, in general, coincide with the plane of the 
true meridian, which is determined by a plane passing through 
the place and the axis of the earth. The angle which the 
magnetic meridian at any place makes with the true meridian 
of the same place is called the declination of the needle. In 
short, the declination of the needle is its variation from true 
north and south. This is different at different places on the 
earth, and even at the same place at different times. 

When the north end of the needle points to the east of 
true north, the declination is said to be to the east; when to 
the west of true north the declination is said to be to the 
west. 

There is a line running from near Cleveland, Ohio, to 
Charleston, S. C., along which the needle points to the true 
north; this is called a line of no declination. 

The line of no declination is travelling slowly to the westward at 
a rate which would carry it around the globe in about 1000 years. 
For all points of the United States east of the line of no declination, 
the declination of the needle is to the west ; for all points to the west 
of it, the declination is to the east ; that is, the north end of the needle 
in all cases is inclined towards the line of no declination. 

For all points in the United States to the east of the line of no 
declination, the declination is slowly increasing, while for all poiuts 
to the west of it, the declination is slowly decreasing. 

Besides this slow change in declination, the needle under- 
goes slight changes, some of which are pretty regular and 
others very irregular. In our latitude the north end of the 
needle moves towards the west during the early part of every 
day, through an angle of ten or fifteen minutes, and moves 
back again during the latter part of the day. This is called 
the diurnal variation. In the southern hemisphere this motion 
is reversed. ‘There is also a small change of similar character 
which takes place every year, called the annual variation, 


Irregular changes are called perturbations. They usually take 
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place during thunder-stornis, during the appearance of the aurora 
borealis, and in general, when there is any sudden change in the 
) s ’ J 8 


electrical condition of the atmosphere. 


478. The Compass. — The property possessed by mag- 
nets of arranging themselves in the magnetic meridian has 
been utilized in the construction of Compassrs. 


Fig. 329 represents a compass. It consists of a compass- 
box, having a pivot at its centre, on which is poised a delicate 
magnetic needle. Around the rim of the box is a graduated 
circle, whose diameter is somewhat less than the length of 
the needle, and of which the pin is the centre. The pin is 
of hard steel, carefully pointed; a piece of hard stone is let 
into the needle, in which is a conical hole to rest upon the 
pivot, to diminish the friction between the needle and its 
support. In addition to the graduation on the circle, the 
bottom of the box is divided into sixteen equal parts, indi- 
cating the points of the compass. 
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This instrument under various forms is used for a great variety 
of purposes. It is used in navigation, in surveying, and is of 
importance to the traveller and explorer, to say nothing of its use 
in mining. 

The magnetic declination at any place may easily be found when 
the true meridian is known. This is found by astronomical methods, 
by taking observations of the north polar star, or the sun, and an in- 
strument called the declination compass is used. This form of com- 
pass has a telescope turning on a horizontal axis in a vertical plane. 
Let the compass be so placed that the line, VS, coincides with the 
true meridian; then when the needle comes to rest, the reading 
under the head of the needle will be the declination required. In the 
figure, if we suppose NS to be in the true meridian, the declination 
is 19° west. 


479. The Dipping Needle.— When a steel needle, 
mounted as shown in Fig. 328, is carefully balanced before 
r being magnetized, it is found, after 
being magnetized, to incline down- 
wards orto dip. This dip is towards 
the north in our latitude ; that is, the 
north end of the needle dips or in- 
clines. The defect of dipping in the 
compass is remedied by making the 
other end of the needle a_ little 
heavier, by adding a movable weight, 
as a piece of wire wound round the 
needle and capable of sliding along 
it. 

To show the dip and to measure 
it, the needle is mounted in the way 
indicated in Fig. 3830. The needle is 
suspended on a horizontal axis, so 
that it can move up and down freely, 
and the amount of the dip is indi- 
cated by a graduated circle or quad- 
Fig. 380 rant. The dip indicated in the 
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figure is 54°, which is the angle made by the needle with the 
horizon. At any place the dip will be the greatest possible 
when the needle vibrates in the plane of the magnetic 
meridian. 

The dip varies in passing from place to place, increasing as we 
approach the magnetic poles of the earth, where the dip is 90°; that 
is, the needle is perpendicular to the horizon. At the magnetie 
equator it is horizontal. 

Action similar to that exerted by the earth on the needle is 
shown in Fig. 331. We have here three positions of the dipping 
needle represented upon a bar magnet. At the ends of the mag- 
net the positions of the needle are the same as when over the 


oy 
I Ip. ool. 


magnetic poles of the earth. The centre position corresponds to the 
position of the needle when over the magnetic equator. The dipping 
needle follows the law that unlike poles attract and like repel. 


Summary. — 

Directive Force of Magnets. 
Illustrated by a Needle turuing on a Pivot. 
Illustrated by a Needle attached to a Piece of Cork 

which is floated on Water. 

Earth as a Magnet. 
Poles of the Needle. 

Magnetic Meridian. 
Definition. 

True Meridian. 
Definition. 

Declination of the Needle. 
Definition. 
East and West Declination 
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Line of no Declination. 

Situation. 

Westward Progress. 
Diurnal Variations of the Needle. 
Annual Variations of the Needle. 
Trregular Variations of the Needle. 
Compass. 

Construction and Use. 

Method of finding the True and Magnetie Meridians. 
The Dipping Needle. 

Explanations. 

Construction. 

Action when approaching the Magnetic Poles. 

Action similar to the Earth’s shown between a Bar 

Magnet and Dipping Needle. 


. 


SECTION III. — METHODS OF IMPARTING MAGNETISM. 


480. Magnetizing by Terrestrial Induction. — To 
MAGNETIZE a body is to impart to it the properties of a mag- 
net, that is, to impart to it the property of attracting magnetic 
bodies. 

The only substances that can be permanently magnetized 
are steel and the compound oxide of iron, which constitutes 
the loadstone. A body capable of being magnetized may be 
converted into a magnet by the inductive influence of the 
earth, or more rapidly by being rubbed by another magnet, 
or, finally, by the action of dynamical electricity, in which 
case the operation is instantaneous. 

Natural magnets owe their magnetism to the slow action 
of the earth, which polarizes the molecules. The magnetic 
action of the earth is so great as to be used successfully in 
forming artificial magnets. 

To use this principle, we place a thin bar of iron in the 
magnetic meridian and incline it to the horizon by an angle 
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equal to the dip. In this position the earth acts upon it by 
induction, the lower end manifesting south polarity (in our 
latitude), and the upper end, north. 

The magnetism thus induced is only temporary ; for if the 
bar be moved from its position, the opposite polarities neu- 
tralize each other. If, however, when the bar is in position, 
it be struck smartly by a hammer, or if it be violently twisted, 
sufficient coercive force may be developed to retain the in- 
duced magnetism for a time. 


No “ 


1 


Fig. 382. 


481. Magnetizing by Friction. — Bars of steel, and 
needles for compasses, are usually magnetized by rubbing 
them with other magnets. ‘The three methods are called the 
methods by single touch, by separate touch, and by double 
touch. 

To magnetize a steel bar by single touch, we hold the body 
to be magnetized in one hand, and with the other we pass 
over it a powerful bar magnet, as shown in Fig. 332. After 
several repetitions of this process, always in the same direc- 
tion, the steel is found to possess all the properties of a mag- 
net. These properties are the more durable in proportion 
to the hardness of the steel. 

To magnetize a steel bar by separate touch, we bring the 
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two opposite poles of two magnets of equal force in the middle 
of the bar to be magnetized, and then move them simulta- 
neously to the opposite ends of the bar. 

To magnetize a body by double touch, we make use of two 
magnetized bars, which are placed with their opposite poles 
in contact with the bar at its middle point, being kept at a 
fixed distance by a piece of wood placed between, as shown 
in Fig. 333; the combined bars are then moved alternately 


Fig. 333. 


in opposite directions to the two ends of the bar, and the 
operation is repeated several times, finishing in the middle 
of the bar. Care must be taken to apply the same number of 
touches to each end of the bar. 

The method of magnetizing by dynamical electricity will be 
treated of under the head of Electrical Currents. 


482. Magnetic Battery. — Armatures.— A Bunpte 
or Maonets, consisting of a group of magnetized bars united 
so that their poles of the same names may be coincident, is 
‘alled a magnetic battery. 

Sometimes these bundles are composed of straight bars, 
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like that shown in Fig. 332, and sometimes they are curved 
in the shape of a horse-shoe, as shown in Fig. 334. 

Magnets, if abandoned to themselves, would lose in a short 
time much of their power; hence 
it is that armatures are employed. 

An ARMATURE is a piece of soft 
iron placed in contact with the poles 
of amagnet. Thus, ad, in Fig. 334, 
is an armature. 

The poles, acting by induction 
upon the armature, convert it into a 
magnet whose poles are of the oppo- 
site kind to those with which they 
come in contact. These two poles, 


reacting upon the poles of the mag- 
net, A 5, prevent the neutralization 
of the two polar forces, and thus 
preserve its magnetism. The arma- 
ture is sometimes called a keeper. =e = 

If weights be attached to the keeper AUD Gi 
till it separates from the magnet, we can, y 
from the number of pounds applied, 
judge of the power of the magnet. 

For many kinds of magneti¢ experi- 
ment the horse-shoe form is preferable. 
It is also the form best adapted to the 
application of an armature or keeper. 

When the magnets are in the form of 
bars they are arranged in pairs, and the armatures placed at the ends, 
as shown in Fig. 334. 


The power of a magnet is liable to be lessened by heat or rough 


usage. 
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Summary. — 
Magnetizing by Terrestrial Induction. 
Definition of the Term Magnetize. 
Substances that can be permanently magnetized. 
Methods of Magnetizing. 
Natural Magnets produced by the Earth’s Action. 
Artificial Magnets produced by the Earth’s Action. 
Coercive Power increased by Percussion and Twisting 
Magnetizing by Friction. 
By Single Touch. 
By Separate Touch. 
By Double Touch. 
Magnetic Battery. 
Detinition. 
Illustrated by Figure. 
Armatures. 
Definition and Use. 
Armature and Horse-shoe Magnet illustrated by Figure. 
Armature and Bar Magnet illustrated by Figure. 
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Part Il. -- FRICTIONAL ELECTRICITY. 
SECTION I, —— ELECTRICAL PROPERTIES. 


483. Discovery of Electrical Properties. — About 
500 p.c., THaves of Miletus observed that when amber was 
vigorously rubbed with wool, it acquired the property of at- 
tracting light bodies, such as small pieces of paper, barbs of 
quills, straws, and the like. 

This was the extent of the knowledge on the subject until 
the end of the sixteenth century, when Wirt1am Givpert, an 
English physician, called anew the attention of scientific men 
to the properties of amber, and showed that a great number 
of other substances. such as glass, resin, silk, sulphur, ete., 
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acquired the power of attracting light bodies, on being rubbed 
with woollen cloth or cat’s skin. 


To repeat these experiments, rub a tube of glass or a stick of 
sealing-wax with a piece of woollen cloth, then present them to light 
bodies, as shreds of gold-leaf, barbs of quills, or fragments of paper, 
and the latter will be seen to approach and adhere to the excited glass 
or sealing-wax. The glass and sealing-wax are then said to be 
electrified. The manner 
of making these experi- 
ments is indicated in 
Fig. 336. 

It will be seen here- 
after that resin and other 
substances named above 
not only develop fore- 
es of attraction when- 
rubbed, but also they 
become luminous, emit 


sparks, and display a 


Fig. 336. 


number of other prop- 
erties, all of which are known as electrical phenomena. 

Since the beginning of the seyeuteenth century the progress of 
discovery in electricity has been rapid, and a multitude of new facts 
have been developed, which have been so well studied as to form a 
very extensive branch of natural science. 

The Greeks applied the name elektron to amber, and hence the 
name electricity was given to the power of attraction exhibited by 
this substance. 


484. Electroscope. — Electrical Pendulum..— An 
ELECTROSCOPE is an apparatus for showing when a body is 
electrified. 

The most simple electroscope is the ELecrrican PEnpvu- 
LuM, which consists of a small ball of elder pith, suspended 
by a fine silk thread, as shown in Fig. 337. The thread is 
fastened to the upper end of a stem of metal, which stem has 
a support of glass. 

To ascertain whether a body is electrified or not, the pendulum is 
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presented to it; if it is electrified, the pith ball will be attracted, 
otherwise not. When the quantity of electricity is too small to pro- 
duce sensible attraction upon the pith ball, more delicate instruments 
are sometimes employed. 


485. Two Kinds of Electricity. — That there are two 
kinds of electricity may be shown by the action of glass and 
resinous bodies, after being rubbed, upon pith balls. 

If a tube of glass be rubbed with a piece of silk, and then 


aA 


presented to the electrical pendulum (Fig. 337), the pith ball 


Fig. 337. 
will at first be attracted, and after a short time it will be re- 
pelled, as shown in Fig. 838. The ball is then charged with 
the same kind of electricity as that in the glass. 

If now a piece of a resinous body, as sealing-wax, be 
rubbed with flannel and brought near the excited pith ball, 
the latter is immediately attracted to the former. In like 
manner, if the sealing-wax be first presented to the pendu- 
lum, it will be attracted and then repelled. If then the glass 
be brought near the pith ball, attraction will be observed. 
This shows that the action of electricity, as developed in glass 
and resin, is different, the one repelling when the other 
attracts, 


i 
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The electricity developed in rubbing glass with a piece of 
silk has been named vitreous electricity ; that developed by 
rubbing resin or sealing-wax with the flannel has been named 
resinous electricity. We now use the term positive (+) to 
designate vitreous electricity, and negative (—) to designate 
resinous. 

486. The Gold-Leaf Electroscope.—When the quantity 
of electricity is too small to produce sensible attraction upon 
the pith ball, more delicate instruments are sometimes em- 
ployed, like the gold-leaf electroscope. 

It consists of a glass bottle or jav, closed at the top with a cork, 
through which passes a 
inetallic rod; this ter- 
minates at the top in a 
ball of metal, and at its 
lower extremity in two 
slips of gold-leaf. The 
instrument is represented 
in Fig. 339. 

The cork and the 
whole top of the bottle 
are covered with a kind 
of varnish made by dis- 
solving sealing-wax in 


aleohol. The varnish is 


laid on with a brush, 


and serves to make the 
bottle a better non-con- 
ductor. This kind of 
varnish is often used in 


electrical experiments to 
render glass non-con- 
ducting. Glass in a dry 
state isa good non-conductor, but it is apt to condense moisture from 
the air so as to become a conductor. When covered with any resin- 
ous varnish this trouble is removed. 


487. Method of using the Gold-Leaf Electroscope.— 


To ascertain whether a body is electrified, we bring the ball of the 


Fig. 339. 
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electroscope near it. If it is electrified, it acts upon the ball and its 
stein by induction, attracting the electricity of a contrary name into 
the ball, and repelling that of the same name into the gold leaves, 
which, being very light and electrified by the same kind of electricity, 
will diverge. This instrument is very sensitive, showing the slightest 
anount of electricity. 

To test the kind of electricity in a body, bring it near the instru- 
ment and touch the ball with the finger while under the influence of the 
body. This will draw off the electricity of the sane name which has 
been developed by induction, aud leave that of a contrary name to that 
in the body, which is held in the ball by induction from the electrified 

body. The leaves will now collapse, not being electrified. If now the 

| finger be removed and then the electrified body, the electricity retained 
in the ball will spread over the rod, leaves, and ball, and cause the leaves 
to diverge. Now, let a glass rod be rubbed with silk, so as to excite 
positive electricity, and then let it touch the ball of the electroseope. 

If the leaves diverge more, the electricity in them before was posi- 
tive, and that of th@body in question was consequently negative. If, 
however, the leaves approach each other, the eleetricity in them be- 
fore was negative, and consequently that in the body experimented 
upon was positive. 

The metallic post, at the left of the leaves, is connected with the 
ground, and serves to remove an excessive charge from the leaves. 
The air in the jar is kept dry by quicklime or some other sub- 
stance that absorbs moisture placed within it. 


488. Law of Electrical Action. — From the results of 
the preceding experiments, and also from numerous similar 
ones, we have the following law of electrical action: Two 
bodies charged with the same electricity repel each other ; two 
bodies charged with opposite electricities attract each other. 


489. Conductors. — Insulators. — Conpwucrors, or con- 
ducting substances, ave those which permit electricity to pass 
freely through them. 

INSULATORS, or non-conducting substances, ave those which 
do not permit electricity to pass freely through them. 


Electritied bodies return instantly to a neutral state when brought 
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into contact with the earth, or when placed upon supports of metal, 
charcoal, or any moist substance whatever. They remain in an 
electrified condition for a long time when placed upon supports of 
glass, resin, sulphur, or when suspended by silken cords. 

From these facts we conclude that metals, charcoal, and the lke, 
permit the electricity to pass freely through them, while glass, resin, 
sulphur, ete. oppose its passage. The latter class of bodies are 
not entirely incapable of conducting electricity, but they are ex- 
tremely poor conductors. When an electrified body is surrounded 
by non-conductors it is said to be msulated, and any non-conducting 
support of an electrified body is therefore called an insulator. 

The best conductors of electricity are the metals; after 
these come plumbago, well-calcined carbon, acid and saline 
solutions, water either in a liquid or vaporous form, the 
human body or animal tissues, vegetable substances, and in 
general, all moist or humid substances. 

The worst conductors, or best non-conductors, are resins, 
gums, india-rubber, silk, glass, precious stones, spirits of 
turpentine, oils, air, and gases when perfectly dry. 


490. Hypothesis of Two Electrical Fluids. — To 
account for electrical phenomena several theories have been 
proposed. The two principal ones are the one-flwid theory of 
FRANKLIN and the two-fluid theory of SymMer. 


The former maintains the existence of only one electric fluid, whose 
particles are self-repellent. This fluid exists in all bodies in vary- 
ing proportion. In its natural state every substance has exactly its 
own quantity ; but when electrical excitement occurs, it is positively 
electrified if it has an excess of its natural quantity, and negatively 
electrified if there is a deficiency. Equilibrium is restored in positive 
bodies by parting with the excess, and in negative bodies by supply- 
ing the deficiency from surrounding bodies. 

The two-fluid theory maintains the existence of two electric fluids 
which exist in unexcited bodies in equal quantities in a state of neu- 
tralization. When separated they attract each other, but the particles 
of either fluid repel one another. 

These two fluids were at first named the vitreous and the resinous 
fluids, but more recently they have been called the positive and the 


426 ELECTRICITY. 


negative fluids, the vitreous being called positive and the resinous 
negative. These names were given by FRANKLIN, the better to 
express their opposite characters. 

Both theories are gradually being abandoned, although their terms 
are often used as a matter of convenience in describing electrical phe- 
nomena, but not with the meaning originally intended. 

The theory of SYMMER has generall y been preferred by physicists 
to that of FRANKLIN. 

Electricity, as was stated at the beginning of the chapter, 
is undoubtedly due to molecular motion of some sort, and is 
recognized by its manifestations of polarity. We can regard 
itas a form of energy, just as we regard Gravitation, Cohe- 
sion, Chemical Affinity, Sound, Heat, and Light as only so 
many forms of energy. 

When the two electricities are separated, the energy re- 
quired to do the work of separation is converted into potential 
energy, since the bodies charged with opposite electricities at- 
tract each other; this potential energy becomes kinetic when 
the two bodies approach each other. We shall see further on 
that this electrical energy can be converted into other forms 
of energy, as heat, light, and chemical separation. 


491. Two Kinds of Electricity always produced 
by Friction. — Whenever two bodies are rubbed together, 
both kinds of electricity are always produced at the same time 
and in equal quantities. When glass is rubbed with silk, the 
glass will manifest positive electricity and the silk negative. 

In the following list any substance becomes positively electrified 
when rabbed with any of the bodies following, but negatively with 
any of those preceding. 


1. Cat’s-fur. 5. Cotton. 9, Shellac. 13. Caoutchoue. 
2. Flannel. 6. Silk. 10. Resin. 14. Gutta-percha. 
3. Ivory. 7. The hand. 11. The metals. 15. Gun-cotton. 
4. Glass. 8. Wood. 12. Sulphur. 


492. Electricity developed by other Causes than 
Friction. — Electricity may be developed by pressure and cleav- 
age; in fact, by any cause that disturbs the molecular arrangement 
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of bodies. A erystal of Iceland spar pressed between the fingers 
becomes positively electrified. When apiece of sugar is broken sud- 
denly in a dark room, a feeble light is observable, which is due to the 
development of electricity at the moment of separating the molecules. 
If a plate of mica be quickly split, electricity is developed. Some 
minerals, particularly tourmaline and topaz, manifest electrical phe- 
nomena on being heated. 

This fact was first discovered in the case of tourmaline, which first 
attracts and then repels hot ashes when placed among them. The 
electricity produced by the methods just mentioned is similar in its 
action to that produced by friction. Frictional electricity is some- 
times called statical electricity because it can be retained for some 
time on excited bodies. Electricity produced by chemical composi- 
tions and decompositions of bodies will be considered under Dynami- 
cal Electricity. 

493. Methods of electrifying Bodies. — Non-con- 
ducting bodies are electrified only by friction, but conductors 
may be electrified either by fiction, by contact, or by 
induction. 

In order to electrify a metal, if must be insulated; that is, 
it must be surrounded by non-conducting bodies, and it must 
be rubbed by an insulated body. 

This may be effected by mounting the metal upon a stand of glass 
and rubbing it with a non-conductor, such as a piece of silk. Were 
the metal not insulated, the electricity would go to the earth as fast 
as generated, and were the rubbing body not a non-conduetor, the 
electricity would pass off through the hands and arms of the experi- 
menter. 

The method of electrifying by contact depends upon the property 
of conduetibility. If a conductor is brought in contact with an elec- 
trified body, a portion of the electricity of the latter is at once iim- 
parted to the former body. If the two bodies are exactly alike, the 
electricity will be equally distributed over both. If they differ in size 
or in shape, the electricity will not be equally distributed over both. 

The method of electrifying bodies by induction is similar to that 
of magnetizing bodies by induction, and will be treated hereafter. 

494. Accumulation of Electricity on the Surface 
of Bodies. — Experiment shows that when a body is clectri- 
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fied, the electricity all goes to the surface of the body, where 
it exists in a thin layer, tending continually to escape. It 
actually does escape as soon as it finds an outlet through a 
conducting body. 

Of the various experiments intended to show this fact, we 
select one that was first performed by Coutoms. He mounted 
a copper sphere upon an insulating rod of glass, as shown in 


Fig. 340. 


Fig. 340. He then provided two hollow hemispheres also of 
copper, which, when put together, exactly fitted the first 
sphere, and these he insulated by attaching them to glass 
handles. Waving placed the hemisphere so as to cover the 
solid sphere, he brought the whole apparatus in contact with 
an electrified body till it was fully charged. 

On removing the apparatus from the electrified body, he separated 
the two hemispheres abruptly, and applied to each in turn the elec- 
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trical pendulum, when he found that both were electrified. On 
testing the solid sphere in like manner, he could discover no trace of 
electricity; in other words, it was perfectly neutral. In taking away 
from the body its outer coating, he had removed every particle of 
its electricity, which proved that the electricity was entirely upon the 
surface. 

Another fact which indicates the same conclusion Js, that a hollow 
and a solid sphere of the same size and of the same material will be 
charged with exactly the same quantity of electricity when made to 
communicate with the same electrical source. 

The following experiment was invented by Farapay to 
prove that electricity is confined to the surface of bodies. A 
metallic ring (Fig. 341) is fixed 
upon an insulating stand; attached 
to this is a conical linen bag. A 
silk thread passes through the apex 
of the cone, so that the bag can be 
turned inside out as often as neces- 
sary without discharging the elec- 
tricity. When the bag is electrified 
the electricity is found to be on the 
outside, and if we turn it inside out 
the same is true. 


There are two exceptions to this rule. 
A hollow wire will not conduct electricity as well as a solid one of 
the same diameter. Electricity may be induced on the inner surface 
of a hollow conductor, if we place within it an electrified body insu- 
lated from the conductor. 


495. Tension of Electricity. — When electricity is ac- 
cumulated upon the surface of a body, it tends to escape with 
a certain force, which is named the ¢enszon. 


The tension augments with the quantity of electricity accumulated. 
So long as it does not pass a certain limit, it is held by the resistance 
of the air, but if the tension passes this limit, the electricity escapes 
with a crackling noise and a brilliant light called the electric spark. In 
moist air the tension is not as great as in dry air, because some of the 
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electricity is slowly conveyed away by the moisture. Sir W. THom- 
SON asserts that the electricity is conveyed away more by the film of 
moisture on the insulators than by the dampness in the air. In a 
vacuum there is no resistance to the escape of electricity, and the 
tension is nothing. ‘The electricity in this case passes off as fast as 
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generated, with a feeble light. 


496. Influence of the Forms of Bodies. — Power 
of Points. — The distribution of electricity over the surfaces 
of bodies depends upon their form. Ifa body is spherical, the 
fluid is equally distributed, as may be shown by an instrument 
called a proof-plane. 


ION 


The proof-plane consists of a disk of gilt paper attached to the end 
of a rod of gumlae, which insulates well. Taking the rod in the 
hand, as shown in Fig. 342, it is applied successively at different 
points of the electrified surface, and after each contact it is presented 
to the electrical pendulum. 

If the electrified body is a sphere, the same amount of at- 
traction for the pith ball is shown, wherever the contact may 
be made; this shows that the proor-plane is equally charged 
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at every point of the sphere, and consequently it is inferred 
that the distribution is uniform over the whole surface. 

When the body is elongated and pointed, as in Fig. 342, 
different results are obtained. In this case the proof-plane is 
more highly charged at the sharp end of the body than at any 
other point, showing a larger amount of electricity at the 
point than elsewhere. 

In general, it may be shown that the greater the curvature of a 
surface at any part, that is, the nearer it approaches a point, the 
greater will be the accumulation of electricity there. 

This shows that electricity tends to accumulate at, or to 
flow towards the pointed portions of bodies. 
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497. Induction. —If an insulated conductor in a neutral 
state is brought near an electrified body, but not so near as to 
have a spark pass between them, the latter, acting upon the 
former, separates the two kinds of electricities, repelling the 
same kind and attracting the opposite kind. This operation 
is called Inpuctrion, and it may take place not only at con- 
siderable distances, but also through non-conducting bodies, 
such as air, glass, and the like. 

The method of electrifying bodies by induction is shown in 


— 
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Fig. 345. On the right of the figure is the prime conductor 
of an electrical machine, which, as we shall see hereafter, is 
charged with positive electricity. On the left is a metallic 
cylinder with spherical ends, and supported by a rod of glass. 
Attached to its lower surface, at intervals, are pairs of pith- 
ball pendulums, supported by threads of some conducting 


substance. ie See 


@. 


When the cylinder is 
brought slowly towards 
the electrical machine, 
we see the pith balls re- 
pel each other and di- 
verge. ‘This divergence 
is unequal at different 
points, being greatest 
near the extremities of 
the cylinder; towards 
the middle of the cylin- 
der the pith balls remain 
in contact without repel- Fig. 848. 
ling each other. We conclude from these facts that the «ec- 
tricities are driven towards the extremities of the cylinder, 
while the central portion remains in a neutral state, thus 
showing polarity as in the action of a magnet on soft iron. 


If a stick of resin be rubbed with silk and brought near the pith 
balls towards the electrical machine, they will be repelled, showing 
that that end of the cylinder is negatively electrified. If it is brought 
near the pith balls at the remote extremity of the cylinder, they are 
attracted, showing that that end of the cylinder is positively eleetri- 
fied. Finally, the electricities in the two ends are equal in quantity, 
as may be shown by removing the cylinder, when they neutralize 
each other. 

The positive electricity of the machine, then, simply acts to sep- 
arate the two fluids, attracting the negative fluid to the end nearest 
it, and repelling the positive fluid to the opposite end of the cylinder. 
No electricity passes from the electrified body to the one in a neutral 
state when induction takes place. 
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498. Faraday’s Theory of Induction. — Farapay as- 
sumes in his theory that electricity polarized all the mole- 
cules of bodies and the surrounding medium. ‘The 
& molecules of good non-conductors retain their elec- 
tricity, but those of good conductors discharge it from 
one molecule to another. Let P (Fig. 344) repre- 
sent the end of the prime conductor in Fig. 343, 
which is charged with positive electricity, and WV the 
end of the small conductor. The small circles be- 
(>) tween represent molecules of air, the white halves the 
positive sides and the black the negative. 
Fig. 344. The conductor P polarizes the molecules of air next to it ; 
these in turn polarize the succeeding ones, and so on, until all are 
polarized. Being non-conductors, however, they retain their elee- 
tricities. When JN is reached, being a conductor, there is a discharge 
between successive molecules, until the negative electricity collects 
at one end and the positive at the other. 


. 


499. The Electrophorus.—The Execrroruorts is a 
machine due to Vorta, by means of which we may obtain 
considerable quantities of electricity. 

It consists of two pieces,— one a plate of resin spread on 
a table of wood, and the 
other a wooden plate coy- 
ered with tin-foil, and 
provided with an insulat- 
ing handle of glass. It 


ae is represented in Figs. 
340-347. 

To use this instrument, 
we begin by rubbing the 
resinous plate vigorously 
With a cat’s skin, as shown 
in Fig. 345. ‘This de- 
velops negative electricity 

Fig. 545. in the resin. We then 
apply the disk, holding it by its handle. The plate of resin 
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acts upon the disk by induction, drawing the positive elec- 
tricity to the tin-foil on its lower face, and repelling the nega- 
tive electricity to the foil on the upper face. 

In this position, if the upper face be touched with the fingtr, as 
shown in Fig. 346, the negative electricity will be drawn off into the 
body, and the disk will be charged with positive electricity. If the 
disk be raised from the resinous plate by its handle, aud touched 


AT 


a Hs 
Fig. 346. Fig. 347. 
with the knuckle, as shown in Fig. 347, a spark will pass, which is 
due to the negative electricity passing from the body to the positively 
electrified plate. 

If now we continue to repeat the manipulation, exhibited in Figs. 
346, 347, a succession of sparks may be obtained without the neces- 
sity of rubbing the resin again with the cat's skin. If the air is dry, 
the resin will continue in an electrified state for a very long time. 


500, The Electrical Machine. — The Execrricar Ma- 
CHINE is a machine by means of which an unlimited amount 
of electricity may be generated by friction. 


This machine was invented about two hundred years ago by Orro 


— 


VON GUERICKE, the distinguished inventor of the air-pump. The 
first machine was simply a ball of sulphur fixed upon a wooden axis. 
On turning the axis, and at the same time pressing one hand against 
the ball, a quantity of frictional electricity was developed. 

One of the best machines for ordinary purposes is the plate 
machine represented in Fig. 348. 

The principal piece of the machine is a etreular plate of 
glass, mounted upon a horizontal axis and turned by a crank. 
At the right of the plate, but so constructed as to embrace a 
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Fig. 348. 


portion of it as we turn the crank, are two rubbers, usually of 
leather covered with an amalgam (a mixture of tin, zine, and 
mercury) which by their friction develop electricity. 

The brass cylinder in front of the plate is called the prime 
conductor ; it is insulated by a glass standard to prevent the 
electricity from escaping to the earth. At the end of the 
conductor nearest the plate is a piece called a comb, from 
the fact that a great number of projecting teeth are placed on 
its side next the plate, but not to touch it. 

The silk bag serves to keep the electricity on the plate. 
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The negative conductor is the brass sphere at the right in- 
sulated by a glass standard. 

Finally, all of the ends of the cylinders in the machine are 
wrought into spherical forms, to prevent the dissipation of 
electricity as much as possible. 

501. Use of the Electrical Machine.— When the 
plate is turned rapidly, the friction of the rubbers develops 
a great quantity of positive electricity on the glass, and nega- 
tive on the rubbers, which is conveyed along the chain to the 
earth, and thus disappears. 

The positive electricity on the plate acts by induction on 
the prime conductor, attracting its negative electricity. This 
collects on the teeth of the combs, and neutralizes the positive 
on the glass plate. The prime conductor, thus having given 
up its negative, remains charged with positive electricity. 

When we want negative electricity we can take the chain from 
the rubbers and place it on the prime conductor. The electricity will 
then collect on the negative conductor. 

If both conductors are insulated there is very little electrical action, 
as the two electricities hold each other in check. The plate gives up 
no electricity to the prime conductor; it only attracts its negative. 

502. Holtz’s Electrical Machine.— The Hortz ma- 
chine is based on the principle of continuous induction. It 
consists of two circular glass plates (Fig. 349), about one 
tenth of an inch apart. The larger one, A, is fixed and in- 
sulated, but the smaller one, 6, can be made to revolve very 
near it. In A are two openings, or windows. Across these 
and partly covering them on the back of the plate, A, are 
olued two varnished papers, or armatures, with tongues, ff’, 
which project into the windows. ‘Two metallic combs, PP’, 
are placed in front of the armatures, on the other side of the 
plate, B. These combs are connected by insulated con- 
ductors with the knobs mn, which may be called the poles of 
the machine. 

The distance between the knobs is regulated by the sliding 
rod attached to the knob, m, which has a wooden handle. 
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In operating the machine the two knobs are first brought 
together; one of the armatures, f, for instance, is negatively 
charged by holding against it a piece of vulcanite, which has 
previously been excited by rubbing it on a cat’s skin; f then 
induces positive electricity on the face of B next to it, and 
negative on the opposite face. ‘The latter attracts the posi- 
tive from the comb, P?, together with that of the conductor and 


Fig. 349. 


knob, 7, and leaves them charged negatively. The tongue, 
f, facilitates the passage of electricity. 

When we turn the plate, B, which is now charged with 
positive electricity, and bring it opposite the armature, 7’, 
induction again takes place, the positive glass attracts nega- 
tive electricity from f', leaving it positively charged, at the 
same time negative electricity is drawn through the comb, 
P’, leaving m positively charged. 

After the plate is turned a few seconds, the charges of the 
knobs and armatures are strengthened, and the two knobs, 
being the negative pole and m the positive, are then gradually 
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separated. A torrent of sparks will pass between the two 
knobs. If we connect one of the poles with the ground by 
a chain, the other may be used as a prime conductor. 

This machine is very much affected by the moisture of the air, 
although its power is very much greater than the plate machine, the 
length of the spark being nearly equal to the radius of the re- 
volving plate. 


503. Carré’s Dielectric Machine has much to recom- 
mend it. It is a combination of the Holtz and the plate ma- 
chine. Its power is greater than the plate, but much less 
than the Holtz. Moisture in the air affects it about the same 
as the plate, but less than the Holtz machine. 


Besides these methods for producing electricity, many other ar- 
rangemeuts have been devised. The hydro-electric machine gener- 
ates electricity by causing steam charged with vesicles of water to 
issue forth from jets attached to a steam-boiler. The friction of 
these globules of water against the surface of the jets generates the 
electricity. 


504. Precautions in using the Machine. — After the 
prime conductor is electrified, if we cease to turn the plate, and the 
air is dry, a pith ball attached to the prime conductor will descend 
slowly, showing a gradual dispersion of the electricity. If the air 
is damp, the ball descends rapidly, showing a rapid loss of electricity. 
Electrical experiments seldom succeed in a damp day. In order that 
they should be successful, the instrument, as well as the surrounding 
atmosphere, ought to be perfectly dry. 

Only a certain amount of electricity can be retained on the prime 
conductor, after which, if the plate is turned, the tension becomes so 
great that it escapes through the earth or along the glass legs of the 
conductor, and all that is generated continues thenceforth to be dissi- 
pated. The pith ball indicates that the instrument is fully charged 
by ceasing to rise, and remaining stationary as the plate is turned. 


505. Electrical Condenser. — An Exrecrricat ConpEn- 
spR is an apparatus employed for the accumulation of elec- 
tricity. They are of various forms, but are all essentially 
composed of two conductors, separated by an insulator. 
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One of the simplest and most convenient forms is the Ley- 
den jar, which will be described in the following article. 


506. The Leyden Jar is named from the city where it 
was invented. In its improved form it consists of a bottle 
or jar of thin glass, as shown in Fig. 350, nearly covered on 
its outside and inside with tin-foil. A wire passing through 
a cover of varnished wood extends to the inner coating of tin- 
foil, and terminates externally in a sphere of metal called the 
button. 


The Leyden jar is charged by holding the outer tinned part 
in the hand, and bringing the but- 
ton in contact with the prime con- 
ductor of an electrical machine. 
The positive electricity is accumu- 
lated in the interior, and acts by 
induction upon the outer coating, 
| which becomes negative, the posi- 
| | | | tive electricity in that coating being 
] Ml conveyed away by the hand through 
, Me the body. As in the condenser, the 
Fig. 350. two forces react so as to accumulate 
a large quantity of positive electricity on the inside of the jar, 
and of negative electricity on the outside. 


vie 
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After the jar has been charged, if it be held in one hand while the 
other is brought in contact with the button, a sensation will be felt 
through the arms and body, called the electrie shock, and the jar will 
return to its neutral state. When it is desirable to discharge the jar 
without the shock, the discharger is used, as shown in Fig. 350, 
One ball of the discharger is made to touch the outer coating, and 
the other is then brought in contact with the button. In this ease 
there is a spark emitted, and the jar returns to its neutral condition. 


507. Electrical Battery. — An Execrricat Batrery 
consists of an assemblage of Leyden jars, so connected as to 
act like a single condenser, as shown in Fig. 351. The jars 
are placed in a box whose bottom is lined with metal, which 
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serves to connect their outside surfaces. Their inside sur- 
faces are brought into communication by connecting the sev- 
eral buttons with metallic rods. 

In batteries the jars are made large, and are covered within and 
without with tin-foil, the interior lining being brought into commu- 
nication with the button of each jar by a metallic chain. Upon one 


“a 

=f 
Fig. 351. 
of the buttons is placed an electrical pendulum, which indicates the 
excess of the fluid on the inner over that on the outer surface. 
The battery is charged by attaching a bar, a portion of which is 

seen in the figure, or chain to the knob of one “a 
of the jars, and also to the prime conductor. 


508. Leyden Jar with Movable 
Coatings. — The tin-foil coatings of the 
Leyden jar act merely as conductors, and 
the opposite electricities reside chiefly on 
the opposite surfaces of the glass. Fig. 
352 represents a jar with movable coat- 
ings. When the jar is charged it is placed 
on an insulating stand. 

The pieces are taken apart, as shown 
in the figure, and the two coatings are found 
to contain little or no electricity. But when 
the parts are put together again, a charge 
may be received from it almost as great as it 
would have given if the coatings had not been 


removed. 
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Power compared with that of the Plate and Holtz 
Machines. 
The Hydro-electric Machine. 
Precautions in using Electrical Machines. 
Dispersion of Electricity by Dampness. 
Escape of Electricity after the Machine is fully charged. 
Electrical Condenser. 
Definition. 
Description of the Leyden Jar. 
Method of Charging and Discharging it. 
Description of Electrical Battery. 
Leyden Jar with Movable Coatings. 
Explained by Figure. 


SECTION III. —- EXPERIMENTS WITH THE ELECTRIC MACHINE. 


509. Electrical Spark. — Electrical Shock. — An 
SLecTRICAL SPARK is a brilliant flash of light which passes 
when a conductor approaches a highly electrified body. 
The spark produced in discharging the jar, 
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shock felt by the experimenter when it is done with the hands, 
were described in treating of electrical condensers. A simi- 
lar spark, but not so brilliant, can be drawn from the prime 
conductor of an electric machine when the finger is presented 
to it. A shock will also be felt, but not so violent as that 
from the jar. It is a sharp, prickly sensation. 

The spark arises from the combination of the two opposite elec- 
tricities. The positive electricity, acting at a distance by induction, 
drives the positive electricity of the hand to the earth, and attracts 
the negative ; consequently the body of the experimenter becomes 
negatively electrified. When the tensions of the positive electricity 
of the machine and the negative electricity of the body overcome the 
resistance of the air, they rush together with a sharp crack and a 
bright light which constitutes the spark. When the electrical ma- 
chine is powerful, the sparks take a zigzag course, like lightning 
from a storm-cloud. 


510. The Electrical Stool. —A spark may be drawn 
from the human body when properly electrified. For this 
purpose an ELecrricaAL Sroor, that is, a stool insulated by 
means of glass legs, is used. A person standing on the 
stool, and taking hold of the prime conductor, becomes, 
when the plate is turned, positively electrified. If a sec- 
ond person now attempts to shake hands with the first, a 
shock will be experienced, E 
and a spark will pass between 
them. 


crm. «~The Electrical 
Chime is a collection of 
bells that are made to ring 
by means of electrical attrac- 


tions and repulsions. 

It consists, in the case 
shown in Fig. 353, of three 
bells suspended from a hori- 
zontal bar of wood, m. The 
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outer bells, 6 and ¢, are suspended by metallic chains, and the 
middle one by a silk cord; the middle bell, moreover, is con- 
nected with the earth by means of a metallic chain. Between 
the bells are two balls of metal, suspended from the bar, m, 
by a cord of silk. The entire apparatus is connected with the 
prime conductor of an electrical machine by means of the 
rod at the right of the figure. 

When the machine is turned, the outer bells become positively 
electrified, and attract the balls, which impinge against them, become 
electrified, and are immediately repelled, striking against the middle 
bell, where they lose their charge, and are again attracted to the ex- 
treme bells, and again repelled. This alternate attraction and re- 
pulsion of the balls keeps up the ringing as long as the plate is 
turned. 

512. The Electrical Image consists of a little figure 
which is made to dance by means of electrical attraction 
and repulsion. 

It consists of a light image, 
made of elder pith, or some 
similar substance, placed be- 
tween two metallic plates, 
one of which is in connec- 
tion with the prime conductor 
of the machine, and the other 
with the earth by means of 
a chain, as shown in Fig. 
354. 

When the machine is turned, 
the upper plate is positively 
electrified, and attracts the im- 
age to it. The image is charged 
and immediately repelled to the 
lower plate, where it loses its 
electricity, and is again attracted 
to the upper plate, and so on, 
dancing up and down as long as 
the plate is turned. 


ELECTRICAL MACHINES. 445 


513. The Effect of Points in Electrical Action. — 
The accumulation of electricity at points gives rise to a high tension, 
which is sutlicient to overcome the resistance of the air and to give 
rise to an escaping current. In fact, metallic bodies of a pointed 
shape soon lose the electricity imparted to them, and often the escap- 
ing current may be felt by placing the hand in front of the point. If 
a candle-flame is held near the point, it will be blown away from it. 
If the flow takes place in a darkened room, it may be discovered 
by a feathery jet of faint light. 

The current is formed by the repulsion of the electrified air in the 
vicinity of the point. The molecules are polarized, give up electri- 
city opposite to that with which the point is charged, which unites 


Fig. 355. 


with the electricity of the point to neutralize it, and consequently, be- 
coming themselves charged with the same kind as the point, are re- 
pelled, and new ones take their places; hence the current. 

In working an electric machine, all objects with points, as angular 
objects, should be avoided. The prime conductor tends to abstract 
from surrounding objects their negative electricity, and to return to 
its neutral condition. 

The effect of neighboring bodies may be illnstrated by bringing a 
metallic point near a charged prime conductor. When the point is 
at a considerable distance from the conductor, the pith ball on the 
prime conductor begins to fall, showing a loss of electricity. 

It is sometimes said that the point draws off the electricity from 
the conductor, but this is not the case; the point abstracts none of 
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the positive electricity, but gives to the conductor negative electricity, 
which unites with the positive to neutralize it. 

If a candle is placed on a prime conductor, and a metallic point 
held near it, the flame will be blown away from it. The current 
arises in this case from the flow of air charged with contrary electri- 
city, to neutralize the electricity of the conductor. 

These effects of points are illustrated in Fig. 355. 

514. The Electrical Wheel consists of several arms, 
bent in the same direction, and attached to a small cap which 
is free to rotate about a pivot. 

This pivot is attached to the prime conductor, or else to a 
metallic support, connected 
with the conductor. Fig. 
556 represents such a wheel. 
It is a reaction wheel, and 
is made to turn by the es- 
‘ape of electricity from the 
points. 

When the plate of the ma- 
chine is turned, the prime con- 
ductor and the wheel become 
electrified; the tension of the 
electricity at the points beeomes 
very great, and finally escapes 
with a force that causes the 


wheel to revolve in a direction 


Fig, 356. 


indicated by the arrow-head, 
that is, in a direction contrary to that in which the points are bent. 
The wheel does not turn in a vacunm, which shows that electricity 
escapes from points in a vacuum without resistance. 

515. Velocity of Electricity. — Duration of the 
Spark. — The velocity of electricity is immense, much 
greater than that of light. It has been determined that the 
velocity of the electrical discharge through copper wire is 
more than 288,000 miles per second. 

The velocity varies, however, with its intensity, and the 
medium through which it passes. 
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The duration of the electric spark is exceedingly brief. If we 
divide a circle into black and white 
sectors (Fig. 357), and then cause it 
to rotate so rapidly that the sectors 
blend into a uniform gray, if the room 
be darkened and the circle illuminated 
by a spark from the Leyden jar, it will 
appear pertectly still, and every indi- 
vidual sector will be distinctly seen. 


516. The. Electrical Ego is f 
an ege-shaped light, produced by Fig. 357. 
the passage of electricity through a vacuum. 

The method of exhibiting this light, and the apparatus em- 
ployed, are shown in Fig. 358. The apparatus consists of a 
hollow globe or oval of glass, con- 


taining two small metallic spheres 
at some distance apart. The upper 
one communicates with the prime 
conductor, and the lower one with 
the earth. 


The globe may be deprived of its in- 
ternal air by means of the air-pump. 
Then, if the plate of the machine be 
turned, electricity will escape from the 
machine to the earth through the two 
balls, and because the balls are in a 
vacuum there will be no obstruction 
to its passage. If the experiment is 
made in a darkened room, a beautiful 
violet-colored light will be seen  be- 
tween the two balls, of the shape 


shown in the figure. 


517. The Electrical Square consists of a square plate 
of glass, upon one surface of which a thin strip of tin-foil is 
fastened, running backwards and forwards across the plate, 


as shown by the black line in Fig. 359. One end of this 
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strip of tin is made to connect with the prime conductor of 
the electrical machine, and the other end is made to com- 
municate with the earth by 
a chain. The square is insu- 
lated by legs of glass. 

When the plate is turned, 
a current of electricity flows 
through the strip of tin from the 
machine to the earth, and no 
spark is given out. If, however, 
the tin is broken at any point, 
there will be a succession of 
sparks at that point, which will 
be so close together as to pro- 


duce a continuous light. If, 


—_ now, the tin be broken by a pen- 
Fig. 859. knife, so that the points of rup- 
ture are arranged in a definite figure, as that of a flower, for in- 
stance, a continuous light will be seen at each of these points, ana 
the figure will appear as if ya 
traced upon the glass with 
fire. Any kind of figure 
may be drawn, or words 
inay be written on the glass. 
The experiment is more 
striking in a darkened room. 


518. Heating Power 
of Electricity. — The 
heat developed by elec 
tricity is sufficient not 
only to inflame ether, 
gunpowder, coal-gas, and 
the like, but also to melt 
and volatilize the metals. 

Fig. 860 represents 
the manner of inflam- 
ing ether. It is poured Fig. 360. 
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into a glass vase, through the bottom of which passes a metal- 
lic wire terminating in a button. The wire is connected by 
a chain with the outer covering of a Leyden jar. When the 
circuit is completed by touching the button of the apparatus 
with that of the jar,a spark is given off, and heat enough 
developed to inflame the ether. 

This experiment succeeds with a very small jar, or evena simple 
spark from the prime conductor. The experiment may be made 
more interesting by standing upon the electrical stool, and inflaming 
the ether with the finger. The ether may be inflamed by a spark 
from a piece of ice held in the hand. 
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Fig. 361. 


When an electrical battery is discharged through a fine metallic 
wire, it may be melted or even volatilized, according to the power 
of the battery. 

In performing this experiment it will be best to use the universal 
discharger. This instrument and the manner of using it are shown 
in Fig. 361. The discharger consists of two copper wires, A and B, 
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mounted upon glass supports. The wires ean slide freely through 
the rings that hold them, and can furthermore be turned about hinge- 
joints, so as to bring their buttons as near as may be desired to any 
body that is placed upon the stand, IZ. 

To melt a wire by electricity, we attach it to the two inner but- 
tons at 2, then connect one of the wires, A, for example, with the 
exterior coating of the battery, and complete the circuit by connect- 
ing B with the button of one of the jars of the battery. This is 
effected in the manner shown in the figure, the connecting chain 
being managed by means of a hook with a glass handle. At the in- 
stant of contact, the wire, if fine enough, is melted into globules, and 
even volatilized, that is, reduced to vapor, which disappears in the air. 


AVAL UT 


Fig. 362. 

When the wire is a little larger, it simply becomes red-hot and 
gives forth a brilliant light; if still larger, it becomes heated without 
being Imminous. Fine and short wires may be melted under water in 
the same manner as in air, but the experiment is more difficult to make. 


519. Mechanical Effects of Electricity. — The Mr- 
CHANICAL Errrots or Exnecrricrry are manifested when 
large charges of electricity are passed through imperfect con- 
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ductors. Thev consist of violent expansions, with tearing, 
fracturing, and the like. 

These effects are generally exhibited by placing the body upon 
the plate, MW, of the universal discharger (Fig. 361), and then pass- 
ing a powerful charge from a battery through it. In this way a 
small block of wood may be torn to splinters in an instant. 

Fig. 362 represents an apparatus by means of which a hole may 
be torn in a card by using a single Leyden jar. A card is placed at 
the top of a glass cylinder, beneath which is a wire projecting from 
a metallic plate. The plate connects by a chain with the exterior 
coating of the jar. Above the card is a second wire, which is insu- 
lated in the manner shown in the figure. When the circuit is com- 
pleted, by touching the upper wire with the button of the jar, a shock 
follows, and the card is found to have been pierced as if run through 
by a needle or pin. 


520. Chemical Effects of Electricity. — The electric 
spark is capable of producing chemical reactions. For example, 
water is formed of oxygen and hydrogen gases, 
in the proportion of one volume of the former to 
two volumes of the latter. Now, if these two 
gases be mixed in this proportion, and an elec- 
trical spark be passed through the mixture, the 
gases instantly unite and form water. Moreover, 
the combination takes place with a brilliant flash 
of light and a loud report, the report being due 
to the expansive force of the vapor which is pro- 
duced at the moment of combination. It is upon 
these principles that the electrical pistol repre- 
sented in Fig. 363 is constructed. 

Nitric acid is formed by the passage of electric sparks through 
moist air. 

Sulphuretted hydrogen, ammonia, and carbonic acid are decom- 
posed by the electric spark. 

The chemical effects of frictional electricity are not so powerful or 
varied as those of dynamical, which will be considered under that 
subject. 


521. Physiological Effects of Electricity. — The 
PuysioLoGICAL Errects or Evecrriciry are the effects which 
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it produces on men and animals. They consist of muscular 
contractions, accompanied by a greater or less amount of 
pain, according to the power of the electrical apparatus. 


When we receive a simple spark from the prime conductor, we 
experience only a slight stinging sensation; with a small Leyden 
jar, the pain is felt extending up the arms to the elbows or shoulders ; 
with a more powerful jar or a battery, the shock is felt through the 
arms and chest, and may be sufficient to produce death. 

An electric shock may be given to a great number of persons 
at the same.time. To that end they form a chain by taking 
each other by the hand; then the person at one end takes a Leyden 
jar in his hand: the circuit is completed by the person at the other 
end of the chain touching the button of the jar, when the shock is 
felt simultaneously throughout the ring. NOLLET administered in 
this manner, in the presence of Louris XV., an electrical shock to an 
entire regiment of fifteen hundred men. 

With a battery, the shock becomes so powerful as to render it 
dangerous to attempt receiving it. With a battery of only six jars of 
mean size, it would be hazardous to receive the shock. With more 
powerful batteries, cats, dogs, and even stronger animals may be 
killed by a single shock. 

We shall find, further on, that electricity in its dynamical form is 
used in the treatment of diseases. 


Summary. — 
Electrical Spark and Shock. 
How the Spark is produced. 
When a Shock is experienced. 
Formation of the Spark. 
The Electrical Stool. 
Method of Using it. 
The Electrical Chime. 
Action explained and illustrated by Figure. 
The Electrical Image. 
Action explained and illustrated by Figure. 
Effects of Points in Hlectrical Action. 
Electricity escaping from Points on an Electrified Body. 


Theory of the Current formed in this Way. 
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Effect of Points in Electrical Action (continued). 
Loss of Electricity from the Prime Conductor when near 
Pointed Objects. 
Current formed. 
Action of Points on a Flame illustrated by Figure. 
Rotation of the Electric Wheel explained. 
Velocity of Electricity. — Duration of the Spark. 
Velocity through Copper Wire. 
Duration of Spark illustrated by Figure. 
The Electrical Egg. 
Method of producing this Light explained by Figure. 
The Electrical Square. 
Method of illuminating the Square explained by Figure. 
Heating Power of Electricity. 
Illustrated with the Leyden Jar and Ether. 
Illustrated with Battery and Wire. 
Mechanical Effects of Electricity. 
Shown by the Battery and Block. 
Shown by the Leyden Jar and Card. 
Chemical Effects of Electricity. 
In combining Oxygen and Hydrogen by the Electrical 
Pistol. 
In decomposing certain Compounds. 
Physiological Effects of Electricity. 
Illustrations. 


SECTION IV. — ATMOSPHERIC ELECTRICITY. 


522. Identity of Lightning and the Electric Spark. 
— The complete identity between lightning and electricity 
was established by Dr. Franxuin, at Philadelphia, in 1752. 
He raised a silken kite, provided with a metallic point, just 
before a coming thunder-storm. The string of the kite was 
of hemp; attached to the lower end of it was a small key, 
and fastened to the key was a silken cord, by which the 
kite might be insulated. It was only after the string became 
damp from the falling rain that the key showed signs of being 
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electrified. He was at last rewarded by obtaining an electric 
spark. 

523. Atmospheric Electricity. — The existence of at- 
mospheric electricity is not confined to clouds alone, for it 
often exists in the atmosphere when no trace of a cloud is 
visible. In this case the electricity is positive. It is most 
abundant in open spaces and at considerable elevations. In 
houses, in the streets, under trees, and in sheltered localities, 
no trace of free electricity is discoverable. During storms the 
electricity of the air is sometimes positive and sometimes 
negative. All clouds are supposed to be electrified, some 
positively and some negatively. , 

The electrical condition of clouds may be determined by 
metallic rods, by kites, or by small balloons held by a string 
in the hand. 


The electrical state of the atmosphere may be determined in a , 


great variety of ways. Sometimes the gold-leaf electroscope is used. 
Instead of the button there is a stem of metal, and a fine and flexible 
wire attached to its upper end. To the second extremity of the 
wire is fastened an arrow, which, being shot from a bow, ascends 
into the atmosphere, drawing the wire with it. When the arrow 
is shot directly upwards, the divergence of the gold leaves indicates 
the existence of free electricity, and the nature of this electricity is 
tested as already explained. 


524. Causes of Atmospheric Electricity. — The ori- 
gin of the electricity of the atmosphere is imperfectly under- 
stood. Many theories have been brought forward to explain 
it. The following are generally supposed to be some of the 
causes that contribute to its development: friction of the 
air, evaporation and condensation of water, vegetation, and 
combustion. 

525. Lightning is nothing else than an elongated electrical 
spark, which passes between two differently electrified clouds 
when brought near each other. Sometimes a discharge takes 
place between a cloud and the earth. It is the recombination 
of the opposite clectricities. 
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A flash of lightning is often of great length, and as it takes place 
along the line of least resistance, it generally follows a zigzag path, 
as is often the case with the spark from a Leyden jar. When we see 
its entire length we call it chain-lightning. When a flash of lightning 
is seen in the lower regions of the atmosphere, it has a brilliant 
white color; but in the higher regions, where the air is rarefied, it 
assumes a violet hue, similar to that of the electric egg (Art. 516). 

Sheet-lightning is that which flashes through the clouds, causing 
extensive illumination. 

Heat-lightning is supposed to be the reflection of the lightning of 
distant storms. 


526. Thunder is the sound which follows a flash of light- 
ning. It is due to vibrations caused by the passage of the 
spark through the air, and the clashing together of the mole- 
cules of air in filling the vacuum caused by the lightning. 


Thunder is not heard till an appreciable time after the flash is 
perceived. " This arises from the fact that light travels with immense 
velocity, reaching the eye instantaneously, while sound travels more 
slowly, and reaches the ear only after a sensible interval of time. 
The distance of a clap of thunder may be ascertained by counting the 
number of seconds between the flash and the report, and allowing 
five seconds to a mile. 

The intensity of the sound diminishes as the distance becomes 
greater: near by, it is sharp and rattling, like boards falling one 
upon the other; at a greater distance, it is dull, and prolonged in a 
low rumble of varying intensities. 

The rattling or rolling of thunder is differently explained. By 
some it is said to be due to a succession of echoes from the clouds 
and the earth. Others regard lightning, not as a single spark, but as 
a succession of sparks, each giving rise to separate explosions that 
succeed each other so rapidly as to produce a continuous rumbling 
sound. Others again attribute the rolling of thunder to the zigzag 
course of the lightning, the sound from different points of the zigzag 
path reaching the ear in times proportional to their distances. In 
this way the sounds from different points are superposed irregularly, 
giving rise to irregularity in the resulting sound. 


g27, Mitects of Lightning. — When an electrified cloud 
passes near the earth, it acts upon it by induction, repelling 
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the electricity of the same name and attracting that of an 
opposite name. As soon as the tension of the two electricities 
becomes greater than the resistance of the intervening air, a 
spark or flash passes, and a thunderbolt is said to fall, or the 
lightning to strike. The flash generally passes from the cloud 
to the earth, but sometimes the reverse is the case. When 
the lightning ascends, the clouds are probably negatively and 
the earth positively electrified, since it has been shown by 
experiment that at the ordinary pressure positive electricity 
passes through the air more easily than negative. 


The attraction between the two electricities increases as the dis- 
tance diminishes. Hence it is that elevated objects are most likely 
to be struck, such as spires, high trees, lofty buildings, and the like. 
Good conductors, like metals, moist bodies, trees, and the like, are 
more likely to be struck than bad conductors. Hence the danger of 
taking refuge under a tree in a thunder-storm. : 

The effects of the thunderbolt are extremely various and wonderful. 
It crushes or fractures bad conductors, inflames combustible bodies, 
melts metals, reverses the poles of magnets, and often kills men and 
animals. Sometimes it falls slowly in the form of a globe of fire, 
and then explodes with a noise like a battery of cannon. It is this 
form of lightning that is most likely to inflame the edifices which it 
chances to strike. 


528. The Return Shock is a violent, and sometimes 
fatal shock, felt by men and animals even at a great distance 
from the place where the lightning strikes. 

This phenomenon is due to the inductive influence exerted by an 
electrified cloud upon bodies beneath it, which are all strongly charged 
with electricity contrary to that of the cloud. Now, if a discharge 
takes place at any point, the cloud returns to its neutral state, indue- 
tion ceases instantly, and all of the bodies electrified by induction in- 
stantly return to a neutral state. The suddenness of this return is 
what constitutes the return shock. 

The return shock may be illustrated on a small seale by placing a 
living frog near an electrical inachine in motion. Every time that the 
machine is discharged by placing the finger upon it, the frog experi- 
ences a shock, which is nothing else than the return shock above 
deseribed, 
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529. Lightning-Rods.— A Liaurnine-Rop is a rod of 
metal, placed upon a building or ship to preserve it from the 
effect of lightning. Galvanized iron or copper is now gener- 
ally used. 

A lightning-rod should fulfil the following conditions : — 

1. It should be of sufficient size so as not to be melted 
while carrying the charge off. 

A copper rod of half an inch in diameter, or an iron one of three 
fourths of an inch in diameter, is large enough to protect any 
building. 


2. They should be of one piece throughout. 

3. They should terminate in points to give readier egress 
for the electricity that is set free by induction. 

4, The rod should be carried down into the earth till it 
meets with a good conducting medium, such as a layer of wet 
or moist earth. 


When no such medium can be reached, a pit should be dug, and 
after the lower end of the rod has been carried to the bottom, it 
should be nearly filled with some good conductor, as coke. This will 
also prevent rusting. 

A rod is supposed to protect a circular space about it, whose radius 
is about twice the length of that portion of the rod that extends above 
the building. The lightning-rod was invented by FRANKLIN, who 
thought that its protective action consisted in drawing off the elec- 
tricity from the cloud, and conducting it to the earth. 

The real explanation of its utility is just the reverse. The cloud 
acts by induction upon the earth, repelling the electricity of the same 
name as that in the cloud, and attracting that of an opposite name, 
which accumulates upon the bodies under the cloud. Now, by arming 
a body with metallic points communicating with the earth, we permit 
a passage of electricity froin the earth to the cloud. This not only 
prevents the accumulation of electricity upon the body, but it tends 
gradually to neutralize the electricity of the cloud itself, and thus the 
rod acts in a double way to prevent the body from being struck. 

When the electricity set free is more than the conductor can dis- 
charge the lightning strikes, but the rod receives the discharge, owing 
to its higher conducting power, and protects the building. 
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530. The Aurora Borealis. — The Avrora is a lumi- 
nous phenomenon, which appears most frequently about the 
poles of the earth, and more particularly about the doreal or 
northern pole, whence its name. 

At the close of twilight a vague and dim light appears in the 
horizon in the direction of the magnetic meridian. This light gradu- 
ally assumes the form of an arch of a pale yellowish color, having its 
concave side turned towards the earth. ‘From this arch streams of 


Fig. 864. 


light shoot forth, passing from yellow to pale green, and then to the 
most brilliant violet purple. These rays or streams of light generally 
converge to that point of the heavens which is indicated by the dip- 
ping needle, and they then appear to form a fragment of an immense 
cupola, as shown in Fig. 364. 

Since the aurora is always accompanied by a disturbance of the 
magnetie needle, and is generally arranged in the direction of the 
dip, and acts upon telegraph wires, it is inferred that it is due to 
electrical action. Such is at present the generally received belief, 
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ELECTRICITY. 
Part III. -DYNAMICAL ELECTRICITY. 


SECTION I. — FUNDAMENTAL PRINCIPLES. 


531. Galvani’s Experiment. —It has been observed 
that chemical combinations are sources of electricity. The 
form of electricity thus developed is different, but its nature 
is the same as that produced by friction; but inasmuch as its 
manifestations of power are continuous from the very moment 
of its production, it is called dynamical electricity, the word 
dynamical being derived from a Greek word meaning power. 
The name of GaLvanism has been given to electricity devel- 
oped by certain chemical combinations, in honor of GALvant, 
who first discovered this new way of generating it. It is also 
called Voltaic electricity, from Voura, who added to the dis- 
coveries of GALVANI. 


GALVANI observed one day that a dead frog, which was suspended 
from a copper hook in a window, exhibited muscular contractions 
whenever the wind blew the lower extremities against the iron bars 
of the window. Here was a case of electrical manifestation which 
furnished a clew to one of the 
most important discoveries of 
modern science. 

This discovery led to an ex- 
periment which may be repeated 
as follows: Having killed a frog 
and cut off the hinder half of the 
body, we suspend it by a copper 
hook, ¢, passed between the back- 
bone and the nerves which run on 
each side of it, as shown in Fig. 
365; then holding a small plate of 
zine, 2, in the hand, we bring one 
end of it in contact with the copper 
stem that holds the hook, and 
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then touch the legs of the frog with the other end. At every contact 
the muscles contract, reproducing all the motions of life. 

GALVANI attributed the phenomena observed to the electricity 
existing in animal tissues, which, passing from the nerves to the 
muscles, through the metals, produced the muscular contractions. 


532. Volta’s Theory of Contact. —Votra repeated 
the experiment of GaLvanr, and after much study advanced 
the theory of contact. According to this theory, when two 
metals or other dissimilar substances are simply brought in 
contact, there is always a decomposition of the natural elec- 
tricity of both bodies, the positive electricity going to one 
and the negative to the other. 

In the case of the frog the electricity was supposed to be devel- 
oped by the contact of the copper hook and zine plate, the nerves 
and museles serving simply as conductors. 


533. Fabroni’s Chemical Theory. — FApront first 
suggested that the phenomena of the pile (Art. 540) were 
due to chemical action. He observed that zinc became 
oxidized in contact with water containing acid when joined 
with copper, and thought that this oxidation was the prin- 
cipal cause of the electric action. 

It seems now to be generally accepted that the separation of the 
electricities is caused by the contact of two different metals, but that 
the constant supply of electricity is kept up by chemical action. 


534. Current Electricity. —If a plate of zinc, Z, and 
one of copper, C, be placed in a mixture of water and weak 
sulphuric acid (Fig. 366), aslight chemical change takes place 
in the case of the zinc, and bubbles of hydrogen gas will col- 
lect on its surface and escape to the surface of the liquid. 
The zinc will gradually waste away. Connect the plates with a 
metallic wire. The chemical action is more violent ; the zine 
wastes away more rapidly than before; a greater amount of 
hydrogen is set free, but it is disengaged at the surface of the 
copper instead of the zinc. Electrical action is now manifest. 
This apparatus is called a simple voltaic element, or couple. 
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If we separate the wires no such action is observed, but on being 
Se brought near each other in the dark, a 
an small spark is seen to pass between them, 
which arises from the recombination of the 
two electricities. The passage of the spark 
does not discharge the plates, as in the Ley- 
den jar. We see a continual succession of 
sparks, showing that the process of chem- 
ical decomposition is continually kept up 
in the liquid, and a constant supply of 
electricity furnished. 

Since these electrical manifestations 
traverse the whole length of the wires when in contact, the name 
electric current is given them. 

It is not to be supposed that in using the term current we mean 
any actual transfer of material particles. There is merely a transfer 
of force from molecule to molecule, the molecules of the conductor 
becoming polarized and charged one after the other, and thus dis- 
charging this electric foree into adjacent molecules. We may con- 
sider, then, the current as due to a series of charges and discharges 
among the molecules in the wire of such rapid succession as to give 
the appearance of one uninterrupted discharge. 


535: Direction of the Current. — Although there are 
two currents flowing in opposite directions, the positive and 
negative, yet, to avoid confusion, whenever the term ewrrent 
is used only the positive is meant. 


It will be observed, in Fig. 366, that the positive current passes 
through the liquid from the zine to the copper, and above the surface 
of the liquid from the copper to the zine, the negative going in the 
opposite direction, as stated before. 

The metal that is acted on the most strongly by the liquid is called 
the generating, or positive plate; the other the conducting, or negative 
plate. In such a case the former is said to be electro-positive towards 
the latter, and the latter electro-negative towards the former. 

In Fig. 366 the zine is electro-positive, and the copper, whieh is 
merely a conductor, and not acted on by the liquid, electro-negative. 
The electrical foree generated by this action of the metals is ealled 
the electromotive force. 


—— 
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536. Action of the Acid. — Amalgamation of the 
Zinc. — If zinc is placed in water, it decomposes it, forming 
zinc oxide, and setting the hydrogen free. This action does 
not last long, as the zinc becomes coated with a film of the ox- 
ide, which is insoluble. The sulphuric acid, however, seizes the 
oxide of zinc, and forms sulphate of zinc, which is dissolved 
in the liquid, thereby leaving a clear surface on the zine. 

Chemically pure zine is not attacked by dilute sulphuric acid until 
the electric current begins. Commercial zinc, however, is usually 
impure, and is acted on rapidly by the acid, and consequently wasted. 
The impurities in the zine, usually consisting of iron or lead, also 
cause local currents, and this accelerates the chemical action and wastes 
the zine, without adding to the quantity of electricity in the general 
current that passes over the wires. ‘To prevent this waste, the zine 
in galvanic batteries is usually amalgamated, that is, rubbed over 
with mercury, after it has first been cleaned in dilute acid. 

537. Electrodes. — Poles. — If we cut the wire connect- 
ing the two plates in the liquid (Fig. 366), positive electricity 
will tend to accumulate at the end of the wire attached to the 
copper, or negative plate, and negative on the wire connected 
with the zinc, or positive plate. These ends are called the 
poles of the battery. Sometimes pieces of platinum are at- 
tached to the ends of the wires, as the ordinary metals would 
suffer corrosion in many experiments. 

The term electrode is now often used instead of pole. Joiming the 
two electrodes is called closing the cirewit ; separating them, breaking 
the circuit. Care must be exercised not to confound the poles with 
the plates of the couple. The positive pole is joined to the negative 
plate, and the negative pole to the positive plate. 


538. Electrical Potential.—The Exzorrican PorentiAr 
is that property of a body by means of which electricity tends 
to pass from it and flow to another body. 

In order that water may flow there must be a difference of gravita- 
tion level, and we notice also a flow of heat when there is a difference 
of temperature level; and so we may say that to get a flow of elec- 
tricity there must be a difference of electrical level, or, in other words, 
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a difference of electrical potential. Electricity, as well as water and 
heat, passes from a higher to a lower level. This in the case of 
electricity we call passing from a higher to a lower potential. The 
zine aud copper in the voltaic couple assume different electrical poten- 
tials, and the passage of the electricity when we join the wires, from 
the conductor at a higher to the one at a lower potential, constitutes 
' the current, which is kept continuous by chemical action. The 
greater the difference of chemical action upon the two metals, the 
more powerful will be the current. 


Summary. — 

Dynamical Electricity. 
Why called Dynamical. 
Why called Galvanic and Voltaic. 
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Galvani’s Theory. 
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Current Electricity. 
Illustrated by the Simple Voltaic Element. 
Production of the Spark. 
Explanation of the Term Current. 
Direction of the Current explained. 
Definition of Terms. 
Action of the Acid on the Zine. 
Amalgamation of the Zine. 
Explanation of the Term Electrodes. 

Electrical Potential. 
Illustrations. 


539. Voltaic Batteries. —When several voltaic elements 
or couples are united so that their effects may be combined, 
the apparatus is called a volta’e or galvanic battery. The 
varliest of these arrangements was devised by Voura himself. 
His apparatus, however, from the mode of its arrangement, is 
generally called the voltaic pile. 


540. Volta’s Theory of Contact. — One of these voltaic 
piles is shown in Fig. 367. It consists of an assemblage of couples, 
each consisting of a disk of copper and a disk of zine in contact, and 
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each couple being separated froin the next by a layer of cloth moist- 
ened with dilute sulphuric acid, which acts upon the metals and the 
liquid in the cases already mentioned. The couples are all disposed 
in the same order, the zine of each couple being always on the same 
side of the corresponding disk of copper. When the pile is completed 
there will be a disk of zine at one end and a disk of copper at the 
other. A connection is made between them by means of the wires, a 
and 0, one being attached to each of the extreme plates. 

In the pile shown in Fig. 367 there are twenty couples, the copper 
disk being at the bottom of each couple, and the zine one at the top. 


Fig. 367. 


The pile is supported by a suitable framework. These disks are 
kept in place by glass rods. 

The pile is insulated by placing it on glass or resin. The positive 
electrode, a, connects with the copper plate, and the negative, b, with 
the zine. 


541. Constant Batteries. — Batteries constructed on the 
principle of the voltaic couple have substantially gone out of use on 
account of the rapid enfeeblement of their currents. In order to se- 
cure a constant current, the permanent depcsition of hydrogen on the 
inactive metal must be prevented, as this interferes with the current. 


466 ELECTRICITY. 


By putting this metal in a liquid upon which the hydrogen, as it is 

set free, can act chemically, this result can be secured. Many dif- 

ferent forms of batteries have been constructed, and some of the 
principal ones will be described. 


542. Smee’s Battery. — This is a 
“‘one-fluid ” battery, an element of which is rep- * 
resented in Fig. 368. It consists of two plates 
of zinc, ZZ, suspended in dilute sulphuric acid, 
A, by a wooden bar, w; between them is also 
suspended a plate of silver, S, covered with 
fine platinum powder. This rough surface of 
platinuin prevents the adherence of hydrogen 
bubbles. In other batteries to be described 
: the hydrogen is kept from the inactive plate by 
Fig. 368. chemical action. 


543. Potassium Bi-chromate Battery. —If a carbon 
plate be substituted for the silver gne in Smee’s battery, and 
a solution of potassium bi-chromate be put into the sulphurie acid, 
we shall have a potassium  bi-chromate 
battery. A convenient form of this bat- 
tery is shown in Fig. 369. The plates of 
carbon, two in number, are stationary, the 
zine plate between can be drawn out of 
the solution when the battery is not in use, 
and thus the couple be kept without any 
action for weeks, and still he ready for work 
at a moment’s notice. It is one of the very 
best batteries for general purposes. 

The best carbon used in batteries is gas- 
carbon, which forms on the inner surface of 
gas-retorts. 

The hydrogen set free by the zine, by tak- 
ing oxygen from the water, acts chemically 
upon the chromic acid, so that it cannot col- 
leet on the carbon plates. 

Probably one of the best solutions for this battery is the following : 
One gallon of water, one pound of bi-chromate of potash, and from a 
half-pint to a pint of sulphurie acid, secording to the energy of action 


Fig. 369. 
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desired. A small quantity of nitric acid added to the solution in- 
creases the constancy of the battery. 


544. The Mercury-Sulphate Battery. — A battery, 
small in size but of considerable power, can be made by immersing 
zine plates in a solution of sulphate of mercury contained in carbon 
cups. The zine takes oxygen from the water, forming oxide of zine ; 
the hydrogen escapes, and decomposes the mercury sulphate into sul- 
phuric acid and mercury. The latter amalgamates the zinc, and the 
sulphuric acid dissolves the zine oxide. 


545. Daniell’s Battery. — This was the first form of the 
constant battery; in respect to the constancy of its action it is, in all 
probability, the best of the constant batteries. Fig. 370 represents 
a single couple of this battery. There is an outer vessel of glass 
or porcelain, filled with a solution of sulphate of copper (blue 
vitriol), which is kept saturated by some crystals of the sulphate 
placed at the bottom of the vessel. A copper cylinder is immersed 
in this, perforated with holes. Inside this cylinder is a thin porous 
vessel of unglazed earthenware filled with dilute 
sulphurie acid, ig which is placed a cylinder of 
amalgamated zinc 

When this battery is in action, water is 
decomposed; the oxygen goes to the zine, 
forming oxide of zine, which is dissolved by 


the sulphurie acid, giving sulphate of zine. 
The hydrogen of the water goes to the sul- 
phate of copper, and decomposes it into me- 


tallie copper and sulphuric acid; the former is 

deposited on the copper plate, while the latter goes to the zine to 
replace that already used in forming sulphate of zine. The result of 
these decompositions and recompositions is to keep wp a current of 
electricity, which will continue as long as the outer vessel is kept full 
of the saturated solution of sulphate of copper. 


546. Grove’s Battery.— Fig. 371 represents one of the 
elements of this form of battery. The outer jar, which 1s made 
of glass, 1s partially filled with dilute sulphurie acid, and in this is 
placed a cylinder of zine with a sht at the side for the passage of 
the liquid. The mner yessel is made of porous earthenware, and 
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contains ordinary nitric acid. A strip of platinum is suspended in 
this vessel, to which is attached a wire by means of a binding- 
screw ; there is one also attached to the zine in a similar manner. 

In this couple there is a double cheinical action. 
Water is decomposed in the outer vessel, giving its 
oxygen to the zine, forming oxide of zine, which is 
taken up by the sulphuric acid, producing sulphate of 
zine. ‘This remains in solution. The hydrogen of the 
water passes through the porous cell, and uniting with 
a part of the oxygen of the nitric acid, decomposes it, 


reproducing water, and also forming nitrous acid, 
which escapes in fumes. ‘This double action develops 
a large ainount of electricity. 


Fig. 371. 


547- Bunsen’s Battery. — In Bunsen’s battery (Fig. 372) 
the platinum strip of the Grove is replaced by a cylinder of carbon. 
The couples are, however, larger than 


those of Grove’s battery. The chemical 
action is the same. 

Both these batteries ave very powerful. 
Grove’s battery possesses some advan- 
tages over Bunsen’s, but its first cost is 
much greater. Grove’s battery is largely 
used in telegraphing, it being a battery 
— of great intensity. The last three bat- 

Fig. 372. teries are called ‘ two-fluid” batteries. 
The fumes arising from the Grove and Bunsen batteries render 


their employment impossible in cases where a large number of cells 
are necessary. ‘T’o avoid these dangerous fumes bi-chromate of pot- 
ash is sometimes substituted for nitrie acid, and strong brine for 
sulphurie acid, but the power of the battery is then lessened. In 
central telegraph offices, where several thousand cells are likely to 
be used, Daniell’s battery is found the most advantageous If prop- 
erly cared for, it will keep for months in action, 


548. Ohm’s Law.-—In a galvanic battery there are 
three objects of consideration: the electromotive force, or the 
force by which the electricity 1s set in motion in the voltaic 
circuit , the resistance, or the opposition to the passage of the 
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current; and the intensity of the electricity, or its power of 
traversing a conductor with marked effect. Intensity may 
be more accurately defined as the quantity of electricity which 
passes through a conductor in a unit of time. 

The law established by OuM is expressed as follows: The in- 
tensity of the current equals the electromotive force divided by the 
resistance. . 

The resistance of a conductor depends upon three things : its con- 
ductivity, its cross-section, and length. The less the conducting 
power, the greater the resistance , the greater the cross-section, the 
less the resistance ; and the greater the length, the greater the resist- 
ance. The larger the wire, the less obstruction to the passage of the 
current , and the longer the wire, the greater obstruction. 

In an ordinary cell there are two resistauces* that offered by the 
liquid conductor between the two plates, called the internal resistance, 
and that by the conductors outside, called the external resistance. 
The resistance of the liquid conductor is vastly greater than that of 
any metal. The distance between the plates is the length of the 
liquid conductor, and the size of the plates the area of its cross- 
section. When the internal and external resistances are equal, we 
get the most satisfactory results. 

The unit of resistance is called an ohm. The resistance of an 
ordinary Dauiell’s cell is about half an ohm; of a mile of submarine 
telegraph cable, from four to twelve ohms. Copper wire ;5 of an 
inch im diameter has a resistance of about one ohm for sixty feet. 


549. Quantity and Intensity. —A battery may de- 
velop a large amount of electricity with little intensity, or 
a small amount with great intensity. The intensity de- 
pends upon the number of cells, the quantity upon the extent 
of surface. If the external resistance is great compared with 
the internal, increasing the number of cells adds to the inten- 
sity ; as in the case of the electric light, since the current must 
pass between the charcoal points through the air-space, the 
resistance must be great and the number of cells should be 
large. 

To secure great intensity we can form a battery of couples, Bun- 
sen’s for example, by connecting the zine cylinder of one couple with 
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the carbon cylinder of the next, as shown in Fig. 373. This is called 
a battery of high resistance, or intensity battery. 

If the external resistance is small, not much is gained by increas- 
ing the number of cells, as the internal resistance increases in the 
same proportion; but the best effects are secured by increasing the 
size of the plates, or, as in the Bunsen battery, by connecting all 
the zine cylinders together so as to form one great zine cylinder, and 
all the carbon cylinders to form one great carbon cylinder. 


Fig. 373. 


A battery so arranged yields large quantities of electricity, and is 
called a battery of low resistance, or quantity battery. Such a bat- 
tery is desirable when a great amount of heat is wanted in melting 
an iron wire, for instance. A few cells of large size, connected as 
stated above, are better for this purpose than many small ones. 

For general use batteries of some intensity and considerable quan- 
tity are best. Very good results are ob- 
tained by making several groups of cells 
for quantity, and connecting these groups 
so as to have an arrangement for in- 
tensity. 

An excellent arrangement for a battery 
of six elements is represented in Fig. 374. 


550. Frictional compared with 
Galvanic Electricity. — There are 
several peculiarities which distinguish 
galvanic from frictional electricity. It 
will not pass through non-conductors, 


SUMMARY. 471 


like frictional electricity ; the current begins and continues 
steadily with the chemical action in the cells, whereas fric- 
tional electricity accumulates and is discharged with instan- 
taneous explosive power; voltaic electricity also clings to 
conductors with more pertinacity than frictional, which makes 
it available for telegraphing. 


The electricity of the machine is small in quantity, but of enor- 
mous intensity; that of the battery, of enormous quantity but slight 
intensity. It is the intense energy of the former that enables it to 
pass through poor conductors, as the lightning through the inter- 
vening air, while the feeble energy of the latter allows it to pass 
through only the smallest interval of air, but makes it follow the 
conducting wire with faithful accuracy from continent to continent. 

TYNDALL compares frictional electricity to a cubie inch of air, 
which, if compressed with sufficient power, may be able to rupture 
a very rigid envelope ; and voltaic electricity to a’ cubic yard of air, 
which, if not so compressed, may exert but a feeble pressure upon the 
surfaces which bound it. 

The positive conductor of an electrical machine corresponds to the 
positive pole of a galvanie battery, and the negative conductor to 
the negative pole, and the friction on the plates to the cheinical action 
in the couples. 
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SECTION II. — APPLICATIONS OF GALVANIC ELECTRICITY. 


551. Effects of the Galvanic Battery. — The Errrcts 
or THE GALVANIC Batrery may, for convenience of study, be 
divided into physiological, heating, illuminating, chemical, and 
magnetic. ‘They are all due to the recombination of the two 
electricities, as in machine electricity, but they are more re- 
markable and more energetic, because of their continuous 
action. 


552. Physiological Effects. — The PuystoLocican Er- 
rects of galvanic electricity are a succession of shocks pro- 
ducing violent muscular contractions, not only in living, but 
in dead animals, as shown in the case of GALVANr’s frog 

If we touch but one of the poles of a galvanic battery, no shoek 
is felt, but if we take both electrodes in our hands, which have been 
moistened with acidulated water to increase the conduetivity, we feel 
a sensation similar to a shock from a Leyden jar, with this differ- 
ence, that the latter is instantaneous, while that from the galvanie 
battery is continuous. The battery must be very powerful, other- 
wise the sensation will hardly be perceptible. The action of the 
battery keeps up a continuous supply of the two electricities, which 
supplies the place of that lost by recombination in passing through 
the body of the experimenter. 


‘ 


HEAT AND ILLUMINATION. ATS 


The effect of galvanic electricity upon the bodies of dead animals 
is peculiarly striking. It produces violent contractions of the muscles, 
causing motions similar to those of the living being. 


553- Heating Effects. — When a current of galvanic 
electricity is passed through a conductor, it becomes heated, 
and often to such a degree as to produce fusion or even va- 
porization. When a powerful current is passed through a wire 
of very small diameter, it soon becomes incandescent, and 
then melts or is dispersed in yapor, and burns with splendid 
brillianey. 

The smaller the wire and the less the conducting power, the ° 
greater the resistance to the current, and the more intense the heat. 
Silver burns with a greenish light, much smoke arising from the 
vaporization of the metal. Gold burns with a bluish white light. 
Platinum, which is infusible in the most intense heat of our furnaces, 
melts into spherical globules with a dazzling light. Carbon is the 
only body which has not been fused by galvanic electricity. DrEs- 
PRETZ, however, by passing a current through small rods of pure 
carbon, succeeded in softening them so much that they could be bent 
and made to adhere, which indicates an approach to fusion. 

The heat thus developed is used in firing nitro-glycerine and gun- 
pewder blasts even under water. The explosive substance is placed 
in a tightly closed vessel, and through it a fine platinuin wire is eon- 
nected at either end with the wires from a battery. On account of 
the fineness and poor conductivity of the platinum it offers great re- 
sistance to the passage of the current, and, becoming red-hot, ignites 
“the charge. We can show that the heat produced is proportioned to 
the resistance it encounters in the conductor by passing a strong cur- 
rent of electricity through a chain composed of alternate links of silver 
and platinum; the platinum becomes red-hot, while the silver re- 


mains dark. 


554. Illuminating Effects. — The heating effects just 
described are accompanied with a disengagement of more or 
less light ; but to obtain the most brilliant electrical light pos- 
sible, dense carbon points are employed. They are at first 
placed in contact, one being connected with the positive, and 
the other with the negative pole of a powerful galvanic bat- 
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tery. The points immediately become incandescent, emitting 
a light of dazzling brightness. 

If the points are slightly separated (Fig. 375), the current still contin- 
ues to pass between thei, and the light takes the form of a luminous 
are, called the voltaic arc. The point connected 
with the positive pole wastes away, while the 
other increases in size; hence we conclude 
that particles of carbon are for the most part 
transported from the former to the latter: this 
explains how the current continues to pass in 
spite of the interval which separates them. The 
incandescent particles are seen traversing the 
arc, sometimes in one direction and sometimes 
in the other, the prevailing direction, however, 
being that of the positive current. 

This action is more manifest in a vacuum 
where a sort of cone grows upon the negative car- 
bon, while a conical cavity is found in the posi- 
tive; there is no combustion in the vacuum, but 
only a transferrence of particles as mentioned. 

In the figure, which represents the are in its 
siinplest form, the distance between the points 


is regulated by hand, but in practice this is 
more effectually accomplished by automatic regulators. 

The subject of the electric light will be farther considered under 
the head of Magneto-electricity. 

555- Chemical Effects. — The most important chemical 
effects produced by galvanic electricity are the decomposi- 
tion of chemical compounds in solution, and the transporta- 
tion of their elements. 

Substances thus decomposed are called electrolytes ; the pro- 
cess is called electrolys/s. 

To analyze water we may employ the apparatus shown in 
Fig. 376. It consists of a glass dish with a wooden bottom. 
Rising from the bottom are two platinum wires, which pass 
through the wooden stand and terminate in the tubes, a and 4. 
These wires serve as electrodes. 


The glass vessel is partially tilled with water, to which a small 
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quantity of sulphuric acid is added to improve its conducting power, 
for pure water is a very imperfect conductor. Two narrow Dbell- 
glasses, T and 0, are filled with water and inverted over tbe two 
platinum wires. The tube, a, is then connected with the positive 
pole of the battery, and the tube, b, with the negative pole. A cur- 
rent is set up from one wire to the other through the water, and 
decomposition begins, as is shown by bubbles of gas rising in the two 
bell-glasses. 

By testing the gases thus obtained, we find that in the glass, O, 
corresponding to the positive pole of the battery, is pure oxygen, 
while that in the glass, H, corresponding to the negative pole, is 
pure hydrogen. We sce also that the voluine of hydrogen is twice 


| 
He 


Fig. 376. 


that of the oxygen. This experiment shows that water is composed 
of oxygen and hydrogen, mixed in the proportion of one volume of 
the former to two of the latter. 

The bodies separated at the positive pole are electro-negative, as 
they are supposed to be charged with negative electricity, and those 
separated at the negative are electro-positive. Most of the metals go 
to the negative pole, and the non-inetallic substances to the positive, 
when the electrodes are plunged into solutions of compounds like 
chloride of copper, iodide of potassium, sulphide of iron, ete. 


556. Application of Electricity to Electrotyping. 
— E1ecrrotyPinG is the operation of copying metals, wood- 
cuts, types, and the like, in metal, by the aid of galvanic 
electricity. . 

The first step is the preparation of a mould of the object, 
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upon the accuracy of which depends the suecess of the entire 
operation. An impression of the object is taken in wax. 
The surface of the mould to be copied is brushed with. 
powdered graphite, to increase its conducting power. 

Fig. 377 shows the method of depositing the metal upon the 
mould. MM is a vessel filled witli a solution of sulphate of copper; A 
and B are metallic rods communicating with the two poles of the 
battery ; the mould is suspended from the rod, B, and facing it is a 
plate of pure copper suspended from the rod, A; these constitute the 
electrodes, the mould being the negative one. 


Fig. 377. 


The current whieh is set up through the solution of copper be- 
tween the electrodes decomposes the sulphate into sulphuric acid 
und pure copper. The sulphurie acid goes to the copper plate, 
and, uniting with it, produces sulphate of copper; the pure copper 
goes to the negative electrode, that is, to the mould, and is there 
deposited. After about twelve hours, or four hours with powerful 
batteries, the coating of eopper becomes thick enough to be re- 
moved from the mould, and it then presents a fac-simile of the 
object to be copied. In copying medals, each face is copied sepa- 
rately, and the two are united by neans of some fusible metal placed 
between them. 


EBLECTRO-PLATING. g Bri 


557- Electro-plating and Electro-gilding. — The pro- 
cess of covering bodies with thin coatings of gold or silver 
is analogous to that of electrotyping. The perfection of the 
process consists in making the coating of gold or silver not 
only of uniform thickness, but also closely adherent. 


The method of silvering, or electro-plating, is shown in Fig. 378. 
The object to be silvered is suspended in a bath of a silver solution by 
a metallic rod which connects with the negative pole of a battery. 
Immediately below it is a plate of pure silver, which is connected with 
the positive pole of the battery. The object to be silvered and the 
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Fig. 378. 


silver plate, a, constitute the electrodes, a@ being the positive one. 
The explanation of the process is analogous to that in the preceding 
article. 

The salt of silver generally employed is a cyanide of silver, which 
is dissolved in cyanide of potassium. The thickness of the coating 
deposited will depend upon the power of the battery and upon the 
time of immersion. 

The process of electro-gilding is the same as that of silvering, 
except that we use a eyanide of gold, dissolved in cyanide of potas- 
sium, and a plate of gold at a, instead of a silver one. 

A vessel may be “ gold-lined” by filling it with a solution of gold, 
suspending in it a slip of gold from the positive pole of the battery, 
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and then attaching the negative pole to the vessel. In a short time 
a thin layer of gold will cover the surface. 


Summary. — 
Effects of the Galvanic Battery. 
Physiological. — Experiments. 
Heating (with metals and carbon). 
Method of exploding Nitro-glycerine and Gunpowder 
by Battery. 
Tlluminating. 
The Voltaic Are. — How formed. — Illustrated by 
Figure. 
Chemical. 
The Analysis of Water, explained by Figure. 
A pplication of Electricity to Electrotyping. 
Definition of the Term. 
Preparation of the Mould. 
Deposition of the Metal illustrated by Figure. 
Application of Electricity to Electro-plating and Electro- 
gilding. 
Process illustrated by Figure. 


SECTION II]. — FUNDAMENTAL PRINCIPLES OF ELECTRO-MAGNETISM, 


558. Relation between Magnetism and Electricity. 
—It was observed at an early period that the magnetic and 
electrical forces had many analogous properties. In each 
case like poles repel, while unlike attract. It was also ob- 
served that a stroke of lightning often reversed the poles of 
a magnetic needle, and sometimes completely destroyed its 
magnetism. The two have also points of dissimilarity. Mag- 
netism is not transmitted, like electricity, through conductors. 
A magnet does not, like an electrified body, return to a neu- 
tral state when brought into communication with the earth. 
Magnetism can only be developed in a few, whereas electricity 
may be developed in all bodies. 
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Between these analogies and dissimilarities nothing positive could 
be affirmed with respect to the identity of magnetism and electricity, 
until, in 1819, OERSTED inade a discovery which showed that these 
physical agents are most intimately allied, if not identical. They 
are now regarded, as previously stated, by physicists generally, to be 


identieal. 


559- Action of an Electrical Current upon a Mag- 
net. — Orrstep discovered the fact that an electrical current 
has a directive power over the magnetic needle, tending al- 
ways to direct it at right angles to its own direction. 


Fig. 379. 


This action may be shown by theapparatus represented in Fig. 379. 
If a wire be placed parallel to and pretty near a magnetic needle, and 
then a current of electricity be passed throngh it, the needle will turn 
around, and after a few oscillations will come to rest in a position 
sensibly at right angles to the current. That it does not take a 
position absolutely perpendicular to that of the current is because of 
the directive force of the earth, which partially counteracts that of 
the current. 

The direction towards which the north end of the needle will 
turn depends upon the direction of the current. If that flows from 
south to north, and above the needle, the north pole of the needle 
deviates towards the west; if it Hows towards the south, and above 
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the needle, the north pole of the needle deviates towards the east. 
When the current flows below the needle, the phenomena are reversed. 


560. Ampére’s Law. -— Ampére, to whom the discovery 
of the greater portion of electro-magnetic phenomena is due, 
gave a simple expression to the law which governs the action 
of a current upon a magnet. He supposes.an observer lying 
down upon the wire along which the current flows, the current 
entering at the feet and going out at the head. ‘Then, if he 
turn his face alfvays towards the needle, the north pole will in 
all cases be deviated towards his left hand. 


Fig. 380. 


561. Action of Magnets upon Currents, and of 
Currents upon Currents. — Amrbre established the fol- 
lowing principles : — 

1. Magnets exercise a directive force upon currents. 

To illustrate this, we bend a copper wire into « cirenlar form, and 
then dip its extremities, which should be pointed with steel, into 
cups of mereury, one above the other, as shown in Fig. 880. These 
cups communicate with the two poles of a battery, by means of which 
a current may be generated, flowing as indicated by the arrows. 
Now, if a bar magnet be brought near this current, the axis being in 
the plane of the current, we shall see the hoop turn about, the steel 
points in the cups, and come to rest, with its plane perpendicular to 


the axis of the magnet. 
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2. The earth, which acts like a huge magnet upon a mag- 
netic needle, acts in the same manner upon movable currents ; 
that is, it directs them so that they are perpendicular to the 
mugnetic meridian. 

This may be shown by the apparatus of Fig. 880. Ifthe commu- 
nication with the battery be cut off, aud the hoop be turned till its 
plane coincides with the magnetic meridian, it will remain in that 
position. If now a current be passed through it, we see it turn 
slowly around the pivots, so as to take a position at right angles to. 
the meridian. It will turn in such-a direction that the current in 
the lower part of the hoop will flow from east to west. 

3. The wires of two parallel 
currents attract each other 
when the currents flow in the 
same direction, if there is free- 
dom of motion for the wires, (% 
and repel each other when they NY 
flow in opposite directions. Fig. 381. 

4. Ifa wire be coiled as represented in Fig. 381, and then 
be suspended by its steel points in the cups of mercury (Fig. 


380), it will, when a current is passed through it, arrange 
itself in the meridian like a magnetic needle. 


When the current takes the direction of the arrows, the end, a. 
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is directed towards the north. The spiral in Fig. 381 is technically 
called a helix. When thus suspended, the helix has all the proper- 
ties of a magnet, and is subject’to the same laws of attraction and 
repulsion. A helix of the kind described is called a solenoid. A 
solenoid is only complete when its wire passes in the direction of the 
axis in the interior of the helix. If two solenoids are brought near 
each other, as represented in Fig. 332, like poles will repel and un- 
like attract, as in the case of a magnet. 


562. Ampére’s Theory of Magnetism. — From the 
facts explained in the last article, AMpbRE deduced a theory of mag- 
netism. He supposes magnetism to be due to currents of electricity 
flowing around the ultimate molecules of a magnet, always in the 
same direction. In a body not maguetized these curreuts are sup- 
posed to have directions not parallel. The currents in the interior of 
the magnet neutralize each other, as their adjacent parts oppose one 
another, and consequently the total effect of all the currents in a 
inagnet 1s the same as that of a set of surface currents flowing around 
the magnet in such a direction that if we place the eye at the south 
end of a magnet, and look in the direction of the axis, the current 
will flow around in the same direction as the hands of a watch. 


AMOS 


In Fig. 383 we have the large circles, N and S, with the surface 
and molecular currents represented. N and S are the north and south 
ends of a magnet. Between these two ends is a magnet with its 
parallel surface currents. 

This theory explains why like poles repel and unlike attract. If 
unlike poles are brought near each other, the eleetric currents on their 
adjoining sides will have the same direction; and since two currents 
having the same direction attract each other, the two poles will also 
attract each other. If like poles are brought together, the current of 
the adjacent sides will have opposite directions, and the poles will 
repel each other. 
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563. The Galvanometer. — Galvanic Multiplier.— A 
GALVANoMETER is an instrument for measuring the force of an 
electrical current. In its sim- 
plest form it consists of a 
magnetic needle (a), Fig. 
384) with a conducting wire 
passed around it in the direc- 
tion of its length. 


When a current of electricity 
is passed through the wire, its Fig. 384. 
presence will be indicated by a motion of the needle, its force by the 
amount of deviation of the needle, and the direction of the current 
will be indicated by the direction towards which the north end of the 
needle deviates. 


The GALVANIC MULTIPLIER is a galvanometer of great sensitive- 
ness, but constructed on the same principles as the one already 
described, 

It is represented in Fig. 385. It consists of a copper stand, M, 
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supporting a glass cylinder, as shown in the figure. Under the cylin- 
der is a graduated circle, beneath which is a wooden frame wound with 
a great number of coils of copper wire. The wire is insulated by being 
covered with silk. The two ends of the coil communieate with the 
binding-screws, m and n, by means of which they may be made to 
communicate with the poles of a voltaic couple. A metallie frame 
supports a hook, from which is suspended a delicate silken cord, s. 
This cord supports two fine magnetic needles, the one, ab, above the 
graduated circle, and the other, B, within the coil, only a part of 
which is visible in the figure. The two needles are so united that 
one cannot turn without the other, and their poles being placed in 
opposite directions, the action of the earth upon them is completely 
neutralized. Hence they are free to obey the least force. 

This combination of needles is called an astatic needle, and the 
galvanometer in which it is used an astatie galvanometer. 


» 564. Uses of the Galvanic Multiplier. —The multiplier 
is used to indicate the feeblest currents of electricity. By 
means of it BecQuEeretr established the fact that a current is 
developed in every chemical action, in the imbibition of 
liquids, and in many other phenomena. By using a galva- 
nometer with many thousands of turns of wire, the existence 
of electrical currents in animals and vegetables may be 
demonstrated. 

To show the currents developed by chemical action, as, for exam- 
ple, the action of acids upon metals, two fine platinum wires are in- 
troduced into the binders, m andn. One end of one of the wires is 
then dipped into a glass of dilute sulphuric acid, and the other is held 
in contact with a plate of zine, which is also dipped into the dilute 
acid. The two needles which were before parallel to 07, and which 
we suppose to have been placed in the magnetic meridian, imme- 
diately turn round and beeome perpendicular to the meridian, indi- 
cating the instantaneous production of a current. 


565. Magnetizing by means of an Electrical Cur- 
rent. —If a wire be wound around a bar of iron, and a 
current of electricity be passed through the wire, it is at once 
converted into a magnet. The method of making the experi- 
ment is shown in Fig. 386. 
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If the current cease, the iron bar at once loses its magnetism. 
We may in like manner form a permanent magnet by using a bar of 
steel instead of a bar of iron. 


Fig. 386. 


The bar of steel may also be magnetized by passing through the 


wire a spark from a Leyden jar. ‘To do this, one end of the wire is 
made to touch the external covering of the jar, and the other end is 
brought into contact with the button of the jar. The steel bar 
is magnetized instantaneously, thus showing the identity between 
the electricity of the galvanic current and that of the Leyden jar. 


Summary. — 
Relation between Magnetism and Electricity. 
Action of an Electrical Current upon a Magnet. 
Illustrated by Figure. 
Ampere’s Law. 
Action of Magnets upon Currents, and of Currents upon 
Currents. 
1. Magnets exercise a Directive Force upon Currents. 
2. The Earth acts like a huge Magnet upon Movable 
Currents. 
Illustrated by Figure. 
3. Action of Parallel Currents upon each other. 
4. Action of the Current upon a Helix suspended in Cups 
of Mercury. 
Illustrated by Figure. 
Action of two Solenoids upon each other illustrated by 
Figure. 
Ampere’s Theory of Magnetism. 
P Illustrations. 
Like Poles repel and Unlike attract, explained by Figure. 
Galvanometer. 
Action illustrated by Figure. 
Galvanic Multiplier. 
Description by Figure. 
Use and Mode of Action. 
Magnetizing by means of an Electrical Current. 
Method illustrated by Figure. 
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SECTION IV. — ELECTRO-MAGNETIC TELEGRAPHS. — THE ELECTRO- 
MOTOR. 


566. The Electro-magnet. — An ELecrro-MAGNET is a 
magnet obtained by the use of electricity. 


Electro-magnets 


Fig. 387. 


are generally made of soft iron, bent in the form 
of a horse-shoe, as shown in Fig. 387. 
Upon each branch is wound a great 
number of coils of wire, insulated by 
being covered with silk. In order 
that the two ends of the horse-shoe 
may have opposite polarities, the wire 
must be coiled on the two limbs, A 
and B, in such a way that if the mag- 
net were straightened out it would ran 
in the same direction; ‘és extremities 
are then connected with the poles of 
a battery. 

In this way magnets may be con- 


structed of immense power, so powerful, in facet, 
as to support the weight or ten of twelve per- 
sons. Fig. 367 represents the method of arrang- 
ing the details of a magnet which is intended 
to exhibit a great sustaining power. 

The plate in contact with the two poles is 
‘alled an armature. 

When the instrument is of soft iron it is 
magnetized instantaneously by the passage of a 
current of electricity through the wire, and as 
instantaneously loses its magnetism when the 
current is stopped, or broken. This property 
has been utilized in the electro-magnetic tele- 
graph. 

The helix itself becomes magnetized as well 
as the soft iron. Let a current pass through 
a helix, as shown in Fig. 888; a rod of iron 
placed below it will be drawn up by the action 
of the maguetized coil. 
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567. The Electrical Telegraph. — An ELEctRICAL 
TELEGRAPH is an apparatus for transmitting intelligence to 
a distance by means of electrical currents. Morse’s tele- 
graph is more extensively used than any other, and the prin- 
ciple on which it is operated is very simple. 

At the station from which a telegram is despatched is an elec- 
trical battery, and at the one where it is to be received is an 
electro-magnet. The two are connected by a wire running be- 
tween the stations. When the current is transmitted through 
the wire, the iron becomes magnetized and attracts an armature of 
soft iron, which in turn imparts motion to other pieces, by means 
of which the signals are imparted. When the current ceases, the 
iron loses its magnetism, and a spring forces the armature back 
to its primitive position. By successively breaking and restoring the 
current, the telegram is transmitted. As a matter of fact, however, 
each station has the transmitting and receiving apparatus. 


Fig. 38°. 


5608. The Register. — One form of the receiving apparatus is 
the register represented in Fig. 389, which is composed of an electro- 
magnet, H, which, whenever a current is transmitted, as at A, acts 
by attraction upon an armature of soft iron, m, fixed at the extremity of 
a lever, mn, and movable about an axis. At its extremity, ”, the 
lever carries a point, 2, which may be made to press against a moy- 
able slip of paper, @b. When the current does not pass through 
the electro-magnet, the point, 7, does not press against the paper; 
but as soon as the current passes, the point is pressed against the 
paper, and traces upon it either a point or a line more or less elon- 
gated, according to the length of time during which the current is 
uninterrupted. 
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The slip of paper is kept in motion uniformly by means of a train 
of clock-work, which turns the cylinder, Z. The slip of paper movy- 
ing uniformly in the direction froin a to b, the operator at the other 
station, by pressing the button of the key, and maintaining the pres- 
sure for greater or lesser periods of time, causes a succession of points 
and marks to be made upon the paper at pleasure. The current, 
after making the cireuit of the helix, passes out at 7. 

The register just described is now going out of use, and an instru- 
ment called the “sounder” is employed. It is simply a register 
without the slip of paper and clock-work attachinent. The message 
is read by the operator from the clicking of the armature, and cop- 
iel by himself, whereas in Jarge offices, when the recording appara- 
tus was used, an operator was employed to read the despatch from 
the slip of paper as it came from the instrument, and a copyist stood 
ready to write it down. By means of sound-reading the expense 
thereby is much lessened. 

The following table contains the charaeters of Morse’s alphabet, 
now in general use throughout the world : — 


a a 7 me i é e a r ;. % 
a ¥! é * y Z mt ; 0 ex 
a i oe oe oe oe 

- 7 : 


; 


A space about equal to the length of a dash is left between 
two letters, and a space about twice this length between two 


words. 


569. Key for Transmitting. — For opening and closing 
the cireuit in the transmission of messages, an apparatus 
called the key is used. It consists (Fig. 390) of a metallic 
lever, on one end of which is a knob, X. At 7 are two 
platinum points, one on the lever and the other on the metal- 
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lic plate below. Cand P are the wires through which the 


current passes. 

The operator, to close the cireuit 
and send the message, presses the 
knob down and brings in coutact the 
two platinum points at 7. The cur- 
rent will then pass through the 
metallic connections out at the wire, 
D, to the next station. Y is a mov- 


able brass arm that slides under a lip for the purpose of closing 


the cireuit when the key is not in use. 


A spring under the lever 


keeps the platinum points separated when the pressure is removed 
from the knob. The knobs, Y and X, are both non-conductors to 


protect the operator from electric shocks. 


570. The Relay. —It is only when the stations are a 
short distance apart, generally less than fifty miles, that the 
receiving instrument is operated directly by the line current. 
In long distances this becomes too feeble to do this effec- 
tively, but by allowing the main current to enter an instru- 
ment called the relay, a local current is generated to work the 


register or sounder. 


Cham DMT My 
7 


Fig. 391. 


The line wire enters at D (Fig. 391), traverses the helix and passes 


out at C to the ground, or if it be a way-station to the main line. 


A 


wire from A connects with the positive pole of a local battery of two 
or three cells. A wire from B gves to the register or sounder, and 
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thence to the negative pole of the battery, forming the complete local 
cireuit. 

When the distant operator transmits a message by means of the 
key along the main line, it passes at D through the magnet, A, and 
‘auses the armature, #, to move back and forth in front of the 
inagnet, and to exactly reproduce in its movements the interruptions 
of the current made by the key of the operator. 

The backward motion of £ is produced by a spring which is reg- 
ulated at H; the forward motion, of course, by the attraction of the 
magnet. When FH moves forward it brings the lever, F, in contact 
with G, and thus operates the local circuit. 

The register or sounder, which is included within this circuit, is 
worked in precisely the saine way that the key affects the relay, only 
with far greater force. 


571. Lightning Arresters. — Experience has shown that 
the wires may, from atmospheric influences, accumulate upon them- 
selves sufficient quantities of electricity to prove troublesome to the 
operators of the telegraph. To prevent any injurious action of this 
kind, an arrangement is sometimes used composed of two toothed 
pieces of metal, disposed so that the teeth are nearly in contact. The 
current passes into one of these pieces, while the other is in commu- 
nication with the earth. If, from any atmospheric change, electricity 
accuintlates upon the wires or apparatus, it is given off by the points 
to the piece which is in communication with the earth, and shocks 
are thus avoided. 

Other forms of lightning protectors have been devised that are 
simple and effective. It is not necessary that the lightning should 
he carried to the earth, but only diverted from the relay magnet. 
An inexpensive way of turning aside the lightning, and one of which 
every operator can avail himself, has been suggested. Let a wire, 
larger than that of the relay magnet, and a few inches in length, 
rua from each main cireuit binding-serew of the relay, and end 
in a small bottle of water. The wires must not come together, 
but their distance from each other ean be varied according to 
cireumstances, 

Water being a poor conductor of voltaic electricity, little is lost, 
wost of it preferring the magnetic wire; but atmospheric eleetricity, 
by its great intensity, takes the short water-route. These devices 
are not an absolute protection ; but during a severe thunder-storin 
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relays should be cut off from the main line, but in such a manner 
as uot to break it. 


572. The Circuit. — In what has been said, only a single 
wire has been spoken of as running from station to station. 
This is generally an iron wire which passes over glass insu- 
lators attached to tall wooden posts. When the wires are 
laid under ground or in water, they are insulated by a coat- 
ing of gutta-percha. Copper wires are commonly used in 
offices. 

It wouid seem necessary, in order to complete the circuit, that a 
second wire should be employed. Such, however, is not the case. 
‘The employment of a second wire is avoided by connecting the two 
ends of the single wire with the earth. When gas or water pipes 
enter an office the ground wire is attached to them. 

If there are no such couveniences, copper plates several feet square 
at each station are buried in a perpendicular position, at sufficient 
depth so as to be always in contact with moist earth. The cireuit 
is thus completed. At the station where the message is sent the 
line is connected with the positive pole of the battery, and the cur- 
rent passes over the wire down through the earth back to the nega- 
tive pole. This simple device saves not only half the expense in 
constructing wires, but greatly inereases the power of electrical 
transmission, the resistance it offers compared with the wire being 
practically nothing. 

Since the earth is the common reservoir of neutral electricity the 
electric current from the wire is really dissipated when it communi- 
cates with it. There is not supposed to be any real passage of the 
electricity back to the battery from which it started. The inter- 
mediate offices are supplied with ground wires, to be used only in 
ease of trouble on the line. 


573. Plan of a Way-Station.— In Fig. 392 we have 
represented a plan of the instruments and connections of a 
way-station. The line enters at Z, passes through the light- 
ning arrester, X, traverses the coil of the relay, JZ, and then 
passes through the key, A, back to the lightning arrester, 
and then to the next station by the line, 7’. The dotted lines 
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represent the local circuit, and /’ the local battery that is 
operated by the relay, JZ. The sounder, S, which is in- 
cluded in the circuit, is also operated. Instead of the sounder 
a register might be substituted. 


By turning the button, C, the current passes along the main line 
without going through the instrument. The switch, Q, can be used 


G 


Fig. 392. 


to connect the line on either side of the instruments with the 
earth at G. The line connected with the ground at G ean then be 
worked independently of the other. 

A plan of a terminal station would have a large main battery, and 
would dispense with the “ cut-out,” C, and the line, Z/; in other 
respects it would agree with the plan of a way-station. 


574. Other Forms of Telegraphs. — Other systems of 
telegraphy besides Morsr’s are used to a greater or less extent. The 
most ingenious of these are BAty’s electro-chemiecal telegraph, and 
the printing telegraphs of House, HuGues, and Puerps. 

In Bary’s telegraph there is no magnet used, but a small steel 
point connecting with the line wire, when the current passes, presses 
upon the roll of paper that has been previously soaked in ferrocya- 
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nide of potassium, and which rests upon a metallic plate. When 
the point touches the paper the chemical preparation is decomposed, 
and blue marks are left on the paper, due to the formation of Prus- 
sian blue. 

Of the three printing telegraphs, that of PHELPS is the most ser- 
viceable, and is a combination of Housr’s and HuGues’s with the 
improvements of PHELPS. 

The sending instrument has twenty-eight keys arranged like those 
of a piano; upon these are printed the twenty-six letters of the 
alphabet, and two punctuation poiuts. When the operator depresses 
the keys, the cireuit is closed, and the message is printed at the other 
end of the line in ordinary letters. This system works faster than 
Morse’s, and the message does not have to be transcribed. 


575. Duplex and Quadruplex Telegraphy. — Duplex 
telegraphy refers to that system of telegraphing by which messages 
are simultaneously sent in opposite directions on one and the same 
wire, thereby doubling the working capacity of the line. Quadruplex 
telegraphy refers to the system of telegraphing whereby fowr mes- 
sages, two in each direction, may be simultaneously transmitted over 
one and the same wire. The quadruplex systein has been exten- 
sively employed within a few years by the Western Union Telegraph 
Company, and is at presentin use between almost all the principal 
cities in the country. 

A detailed description of these systems, however, would be beyond 
the scope of the present work. 

576. Submarine Cables. — Since the invention of the 
telegraph, a complete network of lines has | 
been established over both ‘continents. Not 
only have thousands of miles of wires been 
stretched on land, bunt sebmarine wires 
have been laid, connecting places separated 
by thousands of miles of water.  Tele- 
graphic wires connect England and Ireland, 
England and France, France and Algiers, 
Europe and America. 

The Atlantic cables (Fig. 393) consist of 
(2) acentral conducting strand, O, of seven copper wires ; (2) 
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surrounding this an insulating coat, C, of gutta-percha ; 
(3) a layer of several strands of tarred hemp, //, to protect 
the gutta-percha ; and (4) outside of all, eighteen iron wires, 
J, as a protecting sheath. 

The signals are indicated by means of Sir Wm. THomson’s re- 
flecting galvanometer, an instrument of extreme delicacy, without 
which the practical success of the Atlantic cable would have been 
a matter of great doubt. 

A needle with a very light mirror attached is suspended by a silk 
thread within a coil of insulated copper wire ; at a distance of a yard 
is a scale with zero in the centre and the graduation extending on 
each side. Under the zero point is an aperture through which the 
light comes from a gas or lamp flame, and strikes on the mirror and 
is then reflected upon the scale. The spot of light is deflected to the 
right or left according to the eurrent, and these deflections corre- 
spond to the dots and dashes of Morse’s alphabet. 


577- The Fire-Alarm Telegraph. — Electricity is now 
widely used in many places to indicate the locality of fires. 
The apparatus employed is really a modification of Morsr’s 
telegraph. In various parts of the city or town are small 
boxes, called s/gnal-boxes, which are connected with a central 
station by means of wires. 

When a fire occurs in the vicinity of any box, by turning a crank 
within the box the cireuit is opened and closed, and the number of 
the box thereby telegraphed to the central station. This station is 
also connected with bells by wires at different points, and when the 
watchman on duty here receives notice of a fire as stated above, he 
strikes, by means of the eleetrie current, on the bells the number of 
the box in whose neighborhood the fire is, so that the firemen know 
almost the precise locality of the fire. 


578. Electro-magnetic Motor. — Many attempts have 
been made, and with partial suecess, to employ electro- 
inagnetism asa motor for the propulsion of machinery, but 
in all eases the expense has been so great as to preclude its 
economical use. 


Pig. 394 represents an electro-magnetic machine. It is composed 
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of four electro-magnets, acting in pairs upon two pieces of soft 
iron, P, only one of which is seen in the figure. These pieces, at- 
tracted by the electro-magnets, HJ’, transmit the motion by means 
of a working-beam, to a crank, m, fixed at the extremity of a hori- 
zontal arbor. The latter bears an iron fly-wheel, which regulates 
the motion. Finally, the same arbor supports a piece of metal, », of 
a greater diameter, the use of which will be explained presently. 

The current from the battery, P, entering A, passes into a plat- 
form of cast-iron, B, then, through different metallie pieces, it 
reaches the arbor and the piece, . From thence the current flows 
alternately to the electro-magnets, EF and ef. The manner in 
which this alternate flow is effected is shown in Fig. 394, which 
represents a section of the piece, m, aud its accessories. Upon the 
piece, ”, is a projection, e, called a cam, which in the course of one 
revolution touches successively two pallets, a and b; these transmit 
to the electro-magnets the current, whose course is indicated by the 
unfeathered arrows. The feathered arrows in the figure show the 
direction in which the parts of the machine move. 

The current passing alternately into the two pallets, a and b, and 
thence into the systems of electro-iagnets, & J and ef, the piece, P, 
is first attracted, and then a similar piece at the other extremity of 
the arbor of the fly-wheel is attracted, and so on. The result is a 
continuous rotary motion, which is transmitted by a driving-band 
to a train of wheels, and so on to the pumps, which it is destined te 
work. 


Summary. — 
Electro-magnet. 
Description by Figure. 
Helix Magnetized. — Shown by Figure. 
Electric Telegraph. 
Definition. 
Principle of Morse’s. 
The Register. 
Recording Apparatus explained by Figure. 
Description of the Sounder. 
Morse’s Alphabet. 
Key for Transmitting. 
Description, 
Method of working illustrated hy Figure. 
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The Relay. 
Object of the Relay. 
Description. 
Method of working illustrated by Figure. 
Lightning Arresters. : 
Atmospherie Electricity taken from the wires by means 
of Metallic Teeth. 
Water as a Method of relieving the Wires. 
The Cireut. 
Earth as a part of the Circuit. 
Advantages. 
Cirewtt of a Way-Station. 
Illustrated by Figure. 
Other Iorms of Telegraphs. 
Bain’s, House’s, Hughes’s, and Phelps’s. 
Duplex and Quadruplex Telegraphy. 
Explanation of Each. 
Submarine Cables. 
Fire-Alarm Telegraph. 
Electro-magnetic Moior. 
Explained by Figure. 


SECTION Y.— INDUCTION. — MAGNETO-ELECTRICITY »-— THERMO= 
ELECTRICITY. 


579. Induction by Currents. — We have seen that the 
electricity of the machine acts upon bodies by induction. 
The electricity of the battery acts in a similar manner, but 
only when the currents begin to flow and when they cease. 


To show this, take two copper wires, covered with silk, and wind 
them side by side upon a bobbin. ‘Then fasten the two ends of the 
first wire to the two binders, m and n, of the galvanometer (Fig. 385). 
Next connect one end of the second wire with one pole of a feeble 
galvanie battery. If the other end of the second wire be brought 
into contact with the second pole of the battery, at the instant of 
contact, the needle of the galvanometer will indicate the production 
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of a current in the first wire flowing in an opposite direction to that 
of the battery. If the contact is kept up, the flow of the induced 
current ceases, as is shown by the needle of the galvanometer return- 
ing to its position of rest. If the current of the battery is broken, 
the needle of the galvanometer is again deviated, but in a contrary 
direction, indicating an indueed current flowing in the same direction 
as that of the battery. 


The battery current is called the primary, or inducing cur- 
rent; the other current is called the secondary, or induced 
one. 


Fig. 395. 


A cnrrent flowing in the same direction as the primary is ealled a 
direct current, but if flowing in the opposite direction, tverse. 

Induced currents are also produced when a primary coil of wire, P, 
through which the current is passing (Fig. 395), is brought towards 
or removed froin a secondary one, J. When brought towards it, the 
galvanometer indicates an inverse current in J, and also if placed 
within it, or if the intensity of the battery be inereased. 

If, however, the eoil, P, be removed, or the primary curreut 
weakened, a direct current will be indicated in J. 


580. Laws of Induced Currents. — These currents cou- 
form to the following laws : - 


1. At the instant when the primary current begins to flow or to 
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increase tts intensity, an induced current, inverse and momentary, is 
developed in a neighboring circuit. 

2. A primary current approaching a conductor gives rise to an in- 
duced current, inverse and momentary. 

3. At the moment the primary current ceases, or when its intensity 
diminishes, or when it is removed from an adjacent coil, an induced 


current begins, direct and momentary. 


581. Induction Coils. — An arrangement for producing 
an induced current in a secondary coil by breaking and clos- 
ing, in rapid succession, the circuit of the primary, is called 
an induction coil. 

Induced currents are the more powerful, the longer the wires em- 
ployed. Hence in practice it is usual to wind the wires upon bob- 
bins, as showu in Fig. 396. 
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Fig. 396. 


The coil shown in Fig. 396 consists first of a cylinder of several 
hundred coils of coarse copper wire. This is the inducing coil. Over 
it is a finer wire, making several thousand coils. These wires are 
not only covered with silk, but also with an insulating varnish of 
Seauiie: At the extreme left of the stand on which the coil rests, 
arc two binders in connection with the two poles of a battery. 

A bunch of iron wires is inserted as a cone in the primary, or inner 
coil. The current-breaker consists of a small armature, at the left 
of the figure, attracted by an electro-magnet. When the primary 
current passes, the armature is attracted and immediately breaks the 
current. It then instantly flies back by means of a spring, and com- 
pletes the eireuit. By the passage of the current through the primary 
coil the bunch of iron wires is magnetized, and helps to strengthen 
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the induced current by induction. The intensity of the current is 
thus very much increased. 

The primary coil is of coarse wire, so as to secure as strong a cur- 
rent as possible for magnetizing the bunch of wires; but in the sec- 
ondary coil, as intensity is desired, fine wire enables us to bring more 
coils within range of the action of the primary coil and the bunch of 
wires. The two ends of the finer wire are also connected with 
binders, as seen at the right of the figure, and through them may be 
connected with any conductor whatever. For the purpose of admin- 
istering a shock, the binders are provided with wires having metallic 
handles, which are to be grasped with the hands. 

By the interruptions of the current the shocks produced are quite 
severe. 

Electrical currents have been employed in the treatment of cer- 
tain diseases, especially those connected with the nervous system. 
The induction coil and magneto-electrie machine are used for this 
purpose. Electricity has a powerful aetion upon the animal econoiny, 
and when judiciously applied possesses considerable curative power. 


582. Ruhmkorff’s Coil. — The principle of induced currents 
has been applied in construeting instruments for generating large 
quantities of electricity. The induction coil, as improved by 
Ruhmkorff, is one of the most remarkable instruments of this class. 
In some of his larger instruments he uses more than sixty miles of 
wire in the secondary coil. In the largest size yet made the sec- 
ondary wire is about 280 miles in length. 

The dischargers are usually placed on a bar over the helices, and 
some of the most powerful instruments are capable of throwing 
sparks from twenty to forty inches long. The indnetion coil ean be 
made to produce results similar to those of frietional electricity. It 
has the advantage which an electrical machine does not have, that 
it is not affected by the moisture in the atmosphere. 

The coil ean be used to charge and discharge Leyden jars. The 
sparks then resemble lightning flashes, and the sound produced is 
almost deafening. 

The shocks from the larger coils are violent and even dangerous, 
and the heat is so intense as to melt and burn a fine iron wire with 
considerable brillianey of light when placed between the ends of the 
secondary wire. 

The brillianey and beauty of the electric light from the coil is seen 
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when the current passes through Geissler’s tubes. These are sealed 
glass tubes filled with rarefied vapors or gases; platinum wires are 
sealed into the ends of the tubes to conduct the current. Fig. 397 
represents the current passing through a tube of hydrogen; in the 
bulbs the light is white, but in the connecting links it is red. 


Fig. 397. 


583. Magneto-electricity. — We have seen that a cur- 
rent of electricity passing through wires which surround a 
piece of soft iron magnetize it, and, conversely, a magnetized 
bar introduced into a coil of wire develops a current of elec- 
tricity in the wire. Electricity produced by a magnet is called 
magneto-electricity. 


Fig. dud. 


If we substitute for the primary coil represented in Fig. 
395 a permanent magnet, we shall obtain results like those 


given in Ach. 379) 
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We can produce the same effect if a bar of soft iron be inserted in 
the helix, and one end of a powerful permanent magnet brought near 
it, as shown in Fig. 398. The soft iron becomes magnetized by in- 
duction from the permanent magnet, and generates an electric current 
in the helix, causing the needle of the galvanometer to be deflected 
for an instant. If the magnet is kept stationary, it returns to its 
former position, but is deflected in the opposite direction when it is 
removed. The direction of the current changes with the poles of the 
magnet that are presented to the bar of soft iron, according to 
Ampere’s law. 


584. The Magneto-electric Machine. — Fig. 399 rep- | 


resents one form of the magneto-electric machine. 


Fig. 399. 


In front of the helix of a powerful horse-shoe magnet there 
is placed, as near as possible without touching, a bar of soft 
iron, 2B, rent at right angles, and surrounded with coils of in- 
sulated copper wires. The end of the wires connect underneath 
the stand with the screw-cup at the left hand. When this 
armature is made to revolve, the soft iron becomes magnetic 
by induction, and generates electrical currents in the coils of 
insulated wire. The poles are changed twice in every reyo- 
lution, and thus the direction of the current changes twice in 
every revolution. 


Sparks can be produced by this machine, water decomposed, and 


~_ 
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wires made incandescent. If a break-piece be added, the circuit will 
be rapidly broken and closed, and a series of shocks will be felt by 
& person grasping the handles at H. The shocks will be more 
marked if the hands are first moistened with acidulated water. 

Within the last few years magneto-electrical machines have 
largely increased in number and power. By means of these con- 
trivances mechanical work is transformed into powerful electrical 
currents, which have been utilized in electro-plating and telegraph- 
ing, but especially are they successful in obtaining the electric light. 
With one of these powerful machines driven by steam, an electric 
light of remarkable brilliancy is produced. 


585. Electric Lighting by Magneto-electricity. — 
In Art. 554 we considered the electric light as produced by 
a voltaic battery, but experience has proved that to make this 
light of practical benefit and at the same time economical, the 
electrical energy must be derived from dynamo-electric ma- 
chines. All these machines embody the general principle 
of a revolving armature, wrapped about with coils of wire, in 
front of the poles of a magnet, as described in the article on 
Magneto-electricity. 

Probably the best machine for this purpose is the Brush magneto- 
electric generator, invented by Cuarues F. Brusu, of Cleveland, O. 
For industrial use and illuminating large areas the Brush system of 
electrie lighting is no longer an experiment but a substantial sue- 
cess, and is more extensively adopted than any other. 

There are two kinds of electric lamps in use, the incandescent and 
the voltaic are. The incandescent consists of a strip of platinum, 
earbon, or bamboo, placed in the circuit, which becomes white-hot 
when the current passes, and emits a brilliant light. The voltaic are 
was described in Art. 504. 

The Brush system uses the voltaic are in preference to the inean- 
descent, as being more economical and powerful for lighting streets, 
large parks, buildings, manufactories, halls, ete. 

Gas-carbons in the are are now, on account of their impurities. 
generally superseded by pure carbon, specially prepared and pressed ; 
and to improve their conducting power they are sometimes coated 
with precipitated copper or nickel; this is the case with the Brush 


carbons. 
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It can be safely affirmed that for lighting large spaces the electric 
light has proved itself a success, but for domestic use, where small 
lainps with a steady, soft light are desired, the question has not yet 
been satisfactorily settled. 


586. The Telephone. — The Teternone is an instru- 
ment for transmitting sound by means of electric currents. 
Fig. 400 represents the form of the Bei telephone that is 
most generally adopted. 

NS, seen in the section, is apermanent magnet, on one 
end of which is a coil of copper wire, C; in front of C is a 


Fig. 400. 


thin plate of soft iron, BB, called a diaphragm, and a mouth- 
piece, A. The position of the magnet in reference to the 
diaphragm is regulated by a screw at the right of S. The dia- 
phragm is screwed down in place by the mouth-piece. 


The ends of the coil pass alongside the magnet to the binding- 
serews at the right of the section, and are connected, one with the 
line-wire and the other with the ground, as in the telegraph, or with 
a return wire. The instruments at both ends of the line are precisely 
the same. 

For practical purposes it is best to have two telephones at each 
station, so as to hold one to the ear while speaking through the 
other; it is also casier to hear with a telephone applied to each ear. 
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587. Action of the Telephone. — When a person speaks 
into the mouth-piece of the telephone the sound-waves of air strike 
against the diaphragm and cause it to vibrate. These vibrations 
produce an alteration in the magnetism of the permanent magnet, 
which induces electric currents in the wire coil. These electric pul- 
sations, being transmitted through the line-wire to the distant helix 
in the second station, cause the diaphragm there to vibrate exactly 
like that at the sending station. 

The waves of air that strike the ear from the second vibrating 
diaphragm, being complete reproductions of those that strike the 
first, give the same sounds. The sound-waves are not carried over 
the line-wire, but the pulsations of the electric current. 

The sound that is reproduced in the receiving instrument becomes 
somewhat feeble, but still the characteristics of the person speaking 
are faithfully reproduced. 


588. The Microphone consists of a small battery con- 
nected by means of wires with a telephone-receiver, and with 
the apparatus represented in Fig. 401. This apparatus con- 
sists of a vertical rod of carbon 
fitted loosely into two blocks, also 
of carbon; these are securely fas- 
tened to an upright framework ; 
the wires that connect the carbon 
with the telephone and battery 
are seen at the left of the figure. 


The sound produced by the walk- 
ing of a fly on the base-board, or 
brushing of the softest feather, or 
faint ticking of a watch, are magnified 
to such an extent that they may be 


Fig. 401. 


heard with distinctness miles away by 
the listener at the telephone. If the carbon be impregnated with 
mercury the microphone is considered more effective. To get the 
maximum effect with any particular instrument, the position of the 
earbon rod must be carefully adjusted by repeated trials. To prevent 
the interference of external vibrations the base-board should rest 
upon a cushion of wadding or india-rubber. 
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589. Thermo-electricity. — If two different metals are 
soldered together, and the free ends connected by wires with 
a galvanometer, the needle by its deflection will indicate the 
presence of the electric current, when heat is applied to 
the junction of the metals. When the junction is cooled, 
the needle will be deflected in an opposite direction. Elec- 
tricity thus developed is called thermo-electricity. Such a com- 
bination of metals is called a thermo-electric couple. 

The usual combination is a bar of bismuth soldered to one of anti- 
mony. When heat is applied, the current passes from the bismuth 
to the antimony; when cold, the reverse takes place. The bisinuth 
is the positive bar with negative electrode, and the antimony the 
negative bar with positive electrode. 


590. Thermo-electric Pile, or Battery.—By con- 

a+ necting a number of thermo-electric pairs 
se? (lig. 402) we can form a thermo-electric pile, or 
battery, sometimes called thermo-electric multi- 
plier. In this way we get a more powerful 


current than with a single pair. The positive 
ej » . : 
Fig. 402. pole, a, and the negative, b, connect by wires 
with the galvanometer. 


A large number of these pairs can be arranged in a compact form 
(Fig. 403), each pair and layer being carefully insulated by var- 
nished paper. The whole is then enclosed in a framework of some 
non-conducting material. Such an apparatus 
as this constitutes the most delicate test for heat 
that has been devised. Some are so sensitive 
that the heat from the body of a fly walking 
over them will deflect the needle of the 
galvanometer. 

If heat be applied to both faces of the pile, 
opposite currents will be produced, and they 
will neutralize each other if the temperature of 

Fig. 403. both sides is kept alike, and no current results ; 
but if one side is warmer than the other a current is produeed. The 
current is thus due to the difference of temperature between the oppo- 
site faces of the multiplier. 


UT 


qn 


SUMMARY. 


The multiplier was used by MELLONI with great success in de- 
monstrating the phenomena of ra- - 
diant heat. For the purpose of » 


concentrating the heat-rays upon the 
pile a cone is employed, as repre- 
sented in Fig. 404. 


591. Animal Electricity.— 
Certain fishes possess the power of 
imparting a shock that compares 
in intensity with that of a power- 
ful Leyden jar. Such fishes are 
called electrical fishes, the most 
interesting of which are the electri- 
‘al eel of South America, and the 
torpedo, which is a native of the 
Mediterranean. 

The shocks given by electrical fishes are due to electricity gener- 
ated in the body of the fish. Marrgeuct showed that sparks could 
be obtained from the fish, and also that the galvanometer is affected 
when one of its wires is brought into connection with the back of the 
fish and the other with its abdomen. In all cases the shock is vol- 


Fig, 404. 


untary, and serves as a means of defence against enemies. 
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PROBLEMS. 


WEIGHTS AND MEASURES. 


1. Tow many Miles in 20 kilometers? In a cubic meter of water how many gallons? 
Tn 10 bushels, how many liters? What is the side of a square that contains 278,784 square 
decimeters ? 

‘2. Find the weight in kilograms of 10 gallons of water. In 896 millimeters, how many 
inches? 

3. A box measuring 10 centimeters in each direction will hold how many liters, and is 
what portion of a cubic meter ? 

4, Reduce 5 pints to litersand cubic centimeters. 


UNIFORM MOTION. 


5. A railway train is moving uniformly at the rate of 30 miles per hour; what is its 
velocity in feet per second ? 

6. A locomotive runs 40 kilometers in 1} hours; what is its velocity per second in 
meters ? 

7. From two places, m and 7, 30 kilometers apart in a straight line, two persons, A and 
B, start at the same time towards each other ; A moves with a velocity of 3 meters per sec- 
ond, B with a velocity of two meters ; at what distance from m and 7 will they meet, and 
after what time ? 


MOMENTUM AND STRIKING FORCE. 


S. Aniron ball weighing 20 pounds moves with a velocity of 100 feet per second, and a 
second ball weighing 5 pounds moves with a velocity of 400 feet per second ; required the 
momentum and striking force of each ball. 

9. A body weighing 200 pounds moves with a velocity of a mile in 14 seconds; what 
must be the weight of a body moving 6 feet per second to have the same momentum as the 
former ? 

10. A locomotive weighing 20 tons is moving with a velocity of 60 kilometers an hour ; 
what is its momentum? How does it compare with a ship weighing 2,000 tons moving 
with a velocity of a decimeter per second? 

11. Which will cause the most destruction: a 32-pound cannon-ball moving 1,200 feet 
per second, or a battering-ram weighing 12,000 pounds moving at a rate of 30 ft. per 


; 


second ? 
12. Ifa pile-driver weighing 2,000 pounds, raised 25 feet, strikes with a given force, 


to what height must it be raised to produce an effect three times as great, 
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133. A train of cars moves 30 miles an hour; how much greater or less force would be 
required to move another train weighing one half as much 60 miles an hour? 

14. Avifle-ball moves at the rate of 1,500 kilometers an hour; a stone thrown from the 
hand weighing five times as much moves at the rate of 400 meters a minute: how do their , 
velocities, momenta, and striking forces conipare ? 

15. A train has been moving with a uniformly acceler. t.d motion ; at 12 o'clock its 
velocity was 15 miles an hour, at 20 minutes past 12 it was 45 miles an hour; required its 
velocity at 10 minutes past 12 o'clock. 

16. Suppose a bullet to be fired into an immovable block with a certain velocity, and 
we double the velocity, how much is the destructive force increased ? 

17. Three forces are acting in the direction, A B, equal, respectively, to 8,5, and 8 
units. In the opposite direction, BA, four forces are acting, equal, respectively, to 4, 6, 
and 10 units; what are the intensity and direction of the resultant ? 

18, Find the resultant of two forces equal to 25 pounds and 40 pounds acting upon 
the same point at right angles. 

19. Two forces equal to 64 and 96 kilograms act at a point (1) in the same direction, 
(2) in opposite directions, (8) at rightangles ; find the resultant in the three cases, 

20. The resultant of two forces acting at right angles is 12: one component is 7; what 
is the other? 

GRAVITATION. 


21. A body weighs 5,000 pounds on the earth’s surface ; what will it weigh 2,000 miles 
above? 500 miles above? 

22. What will the same body weigh 2,000 miles below the earth's surface? 500 miles 
below ? 

23. 1f two bodies weigh, respectively, 150 and 800 pounds at the surface of the earth, 
what is the difference of their weights at the centre of the earth? 5,0.0 miles below the 
surface? 2,000 below? 

24. Ifow far from the earth’s centre must a kilogram-weight be placed to weigh only 
one gram? ILow far above the earth’s surface? 

25. If the sun were 1} times farther from the earth than at present, and its mass ‘ 
less, how would its attraction for the earth be affected ? 

26. A stone is dropped into a well, and is seen to strike the water at the end of two 
seconds ; what is the depth of the well? 

27. A body has fallen through the distance of a mile and a half; what was the dis- 
tance passed over in the last second? 

28. A falling body is observed to pass over 200 feet in 3 seconds; how long had it been 
falling when first observed? 

29. A body when observed had been falling 5 seconds; how much space had been 
passed over at the time’ of observation ? 

30. How far will a body fall in 15} seconds? In the 17th second? In the 25th 
second ? 

31. At what distance above the earth’s surface will a body fall in the 3d second 8 
inches ? 

32. A stone is thrown vertically upward with a velocity of 50 meters; after what time 
will it return to its original position? 

33. A body is projected upward with an initial velocity of 58} feet per second ; how 
high willit ascend before it begins to return ? 

34. Through what space must a heavy body full from rest to acquire a velocity of 
150 feet per second? Toacquire a velocity of 800 feet? 

35. A body falls through a distance of 160 feet; find its velocity at that time. Find 
how long a time it will take to fall through the next 100 feet. 

36. A stone thrown horizontally from a cliffis seen to strike the ground in 4 seconds ; 
how high is the cliff from the spot where the stone ‘alls? 

37. Acannon-ball fired obliquely into the air strikes the ground in 5 seconds; how 
high did it ascend’ 


— 
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38. The length of an inclined plane is 300 feet, the height 75 feet; what time is re- 
quired for a body to descend the plane ? 

39, A stone is thrown vertically downward from a height of 200 meters with a velocity 
of 15 meters per second; how long will it be in falling? 


CENTRE OF GRAVITY. 


40. If two bodies, weighing, respectively, 12 and 16 pounds, are connected by a bar, 
Where is the common centre of gravity ? 


PENDULUM. 


41. The length of a seconds-pendulum — 
At New York is 39.1012 
© Paris * 39.1285 
‘© Greenwich “ 39.1398 
What is the length of a pendulum at Paris to vibrate half-seconds? To vibrate half- 
hours? 
4-2, If the length ofa pendulum is 4 meters, what is its time of vibration at Paris? 
43. How will the times of vibrations of two pendulums compare whose lengths are, 
respectively, 61 inches and 5,4 inches? 
44. In what time at Greenwich will a pendulum a kilometer long make a vibration ? 
45. A pendulum two meters long makes 350 vibrations during a certain time; how 
many vibrations will it make in the same time if the pendulum contracts a centimeter ? 
46. A pendulum yibrates twice in 3 of a second; how longis it? 
47. One pendulum vibrates five times as fast as a second; what are the proportional 
lengths? 
48. If the pendulum of a clock beating seconds at New York should expand ;,45 of 
its length, how many seconds would it lose each day? 


ENERGY. 


49. Wow many kilogram-meters are represented in raising 500 kilograms 10 meters 
high? 

50. Which has the greater energy : a body weighing 100 pounds and having a velocity 
of 6 feet per second, or one weighing 6 pounds with a velocity of 100 feet? Represent the 
energy by numbers. 

51. What is the work expressed in foot-pounds that is required to raise 500 pounds 10 
feet high ? 

52. A locomotive weighing 20 tons, moving at the rate of 30 miles an hour, has how 
much energy ? 

53. What is the horse-power of an engine that will raise 100,000 pounds 500 feet in 
2 minutes? . 

54. What is the horse-power of an engine that can raise 50,000 pounds 10 feet in 
5 seconds ? 

THE LEVER. 


\ 35. From a lever of the first class 3 feet in length, a weight of 500 pounds is suspended 
22 inches from the fulcrum; what weight at the other end will keep the lever in 
equilibrium ? 
|, 56. Ina lever of the second class 12 feet long, where must the fulerum be placed in 
reference to the weight so that a power of half a pound may balance a weight of 10 
pounds? 
/ &7%. In a lever of the first class, the distance of the power from the fulerum is 12 feet 
an? from the weight to the fulcrum 4 inches ; how much weight will a power of 1 gram 
balance ? 
58, In ale.er of the first class, what weight will a power of 100 pounds balance, witha 

Jever 16 feet long and weight 4 feet from the fulerum? \What would be the result with a 
lever of the second class? 
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f 59. Two men are carrying a weight of 300 pounds on a pole 8 feet long; where must 
the load be placed so that one will lift one third of the weight ? 


THE WHEEL AND AXLE, 


60. The diameter of a wheel is 44 feet and the axle 5 inches; what power is required 
tosustain a weight of 500 pounds ? 

61. The barrel of a capstan has a radius of 5 inches, the radius of a circle described 
by the hand-spikes is 5 feet; what power is necessary to raise an anchor weighing 1,200 
pounds ? 

THE PULLEY. 


62. Ina system of pulleys the power is 100 pounds; how many movable pulleys are 
required to sustain a weight of 600 pounds? 

63. What power is necessary to sustain a weight of 500 kilograms with 5 movable 
pulleys? 


TILE INCLINED PLANE. 


64. On an inclined plane whose base is 15 feet and height 5 feet, what power acting 
parallel with the base will balance a weight of 8 tons? 

65. With a plank 10 feet long, to what height can a man capable of lifting 150 pounds . 
roll a barrel containing material weighing 500 pounds ? 


TILE SCREW. 
66. If the threads of a screw are one half an inch apart, what weight will a power of 
100 pounds raise, acting at a distance of 5 feet from the axis of the screw ? 


47. What is the distance between the threads of a screw when a power of 50 pounds 
will raise 2 tons acting on a handle 4 feet long? 


ILYDROSTATICS, 


6S. What is the pressure on the bottom of a cistern 50 feet long, 15 feet high, and 25 
feet wide?) What is the pressure on each side? 

69, Suppose in the hydrostatic press the area of the smaller cylinder is 3 square 
inches and the larger 1,000 square inches; suppose, also, the pump-handle to be 4 feet 
long and the piston to be 3 inches from the fulcrum; what pressure will be exerted on the 
larger cylinder if a power of 500 pounds be applied to the end of the pump-handle ? 

70. The whole pressure on the bottom of a pail of water, the radius of which is 25 cen- 
tinieters, is 50 kilograms ; whatis the depth of the water in the pail? 

71. What beight inust a column of mercury have to balance a column of water 20 feet 
high ? 

72. A body weighs 30 grams in air and 20 in water ; whatis its specific gravity ? 

73. What is the weight of acubie foot of gold? Of platinum? Of iron? Of zine ? 

74. The specific gravity of cork being .24, how much must be used to float a man, bis 
specific gravity being 1.12? 

75. What ts the weight of a bar of gold 30 centimeters long, 4 wide, and 12 thick ? 

76. A cylinder of oak is 30 centimeters in diameter and 8 meters long; the specific 
gravity of the wood is 1.17; what is the volume and weight of the cylinder? 

77. How much bulk must a hollow vessel of iron occupy, weighing 2 tons, that it may 
float with half its bulk immersed in water? 

78. A body whose specific gravity is 3.53 weighs 5 pounds in water; find its weight in . 
air. 

79. Anempty vessel weighs } a pound, filled with water it weighs 14 pornds, filled with | 
another liquid it weighs 1} pounds ; whatis the specific gravity of the liquid? | 


SOUND, 


SO, A cannon-flash is seen, and in 10 seconds the report is heard ; how far away is the 
cannon? 
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S81. Three seconds elapse between a flash of lightning and a corresponding peal of 
thunder; what is the distance of the place of origin ? 

S2. How many miles will sound travel in an hour? How long will it take it to go 
around the earth ? 

$3. A tuning-fork gives sound-waves 1 meter in length ; how many vibrations per 
second does it make ? 

S-4. A shot is fired before a cliff, and the echo is heard in 7 seconds; what is the dis- 
tance of the cliff? 

S85. The density of oxygen is about sixteen times that of hydrogen; show that the 
velocity of sound in hydrogen ought to be about four times that in oxygen. 


REVIEW QUESTIONS. 


PROPERTIES OF MATTER. 


1. What is physics? What are physical agents? Name them. ‘2, Define a body; a 
material point; a molecule; an atom. %. Howare molecules kept in place? 4, What is 
the mass of a body? Density? Give examples of dense and rare bodies. 5, How are 
bodies divided? Define solids, liquids, and aeriform bodies. Tlow is the term fluid ap- 
plied? 6. What are the general properties of bodies? 7. Define extension. %&. What 
are English measures? 9, Explain the metric system. 10. What are the metric meas- 
nres of length? of surface and volume? 11, What are the metric measures of capacity ? 
12. Define weight. 13. Give the metric table of weight. 14. Define impenetrability. 
Examples. 15. Define inertia. Examples. 16. Define porosity. Define sensible and 
physical pores. 17, Define divisibility. Examples. 1S. Define compressibility. Ex- 
periments. Explain compressibility of gases, liquids, and metals. 19. Define expansibility. 
Expansion of gases, liquids, and solids. Give experiment ‘20. Define elasticity. Ex- 
amples. How can elasticity be broughtinto play? What bodies are most elastic? How 
is it shown that ivory is elastic? Explain the experiment. Explain some of the appli- 
cations of elasticity. 

21. Define molecular forces. Name them. 22. Define cohesion and adhesion. Ex- 
amples. Explainsolution. Examples. 23. Explain capiilarity. Experiments. 24. Give 
some applications of capillarity. ‘25, Define absorption. Examples Carbon, spongy 
platinum, animals and vegetables, paper. Application. Wood Application. 26. De- 
fine osmose, endosmose, and exosmose. Explain experiment Examples. ‘27. Define 
dialysis. To what substances can dialysis be applied? 2S. Define tenacity. low meas- 
ured? What bodies are most tenacious? Give table What is the form of greatest 
strength? Application to grasses, quills, bones, ete. Tow do we increase the tenacity of 
metals? 29. Define hardness. Give scale of hardness of minerals. How do we test the 
relative hardness of bodies? Examples. What are brittle bodies? What is the effect 
of alloying bodies? Explain the process of polishing. How is the diamond polished ? 
30. Define ductility, Examples of plastic bodies. Examples of ductile metals. 31. De- 
fine malleability. Effect of temperature, How is gold formedinto sheets? Lists of metals 
malleable under the hammer and rolling-mill, 


MECHANICAL PRINCIPLES. 


32. Define mechanics 33. Explain rest and motion, Explain relative and absolute 
rest and motion, Illustrate by examples. $4, Define uniform motion. Example. De- 
fine velocity. Example. 34. Define varied motion. When accelerated and when re- 
tarded? Examples. Define uniformly accelerated and retarded motion, Examples. 
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36. On what are the principles of mechanics based? 37. Give Newton's First Law of Mo- 
cion. Illustrate. 3S, Give Newton's Second Law. What three elements determine a force ? 
Define each. How represented? 839. Define simple and compound motion. Define re- 
sultant. Jllustrate Definecompounds. 40. Explain the parallelogram of forces. De- 
fine composition and resolution of forces. Illustrate by figure. 41, Explain the flight of 
abird. 4°. Explain the sailing of a boat. 43. Explain the resultant of parallel forces. 
When the forces act in the same and opposite directions. 44. Explain the composition of 
more than two forces. 45. Define momentum, Illustrate. Rule for finding momentum. 
Examples. 46. Explain collision of bodies. Illustrate. The effect is proportional to what? 
Illustrate. 47. Define striking force. Proportional to what? Illustrate the difference 
between momentum and striking force. 4S. Define action and reaction. What is New- 
ton’s Third Law? 49. Illustyate reaction in non-elastic bodies. 6@. Illustrate reaction 
in elastic bodies. Give some familiar examples. 51. Explain reflected motion. Define 
lines and angles of incidence and reflection. Give the law of reflected motion. Illustrate 
by figure. 5:2, Explain the centrifugal and centripetal forces. Illustrate by examples and 
figure. How does the body move when the centripetal force is destroyed? Explain the ex- 
periment with ivory balls. 53. Give some effects of the centrifugal force. Effect on the 
earth. Explain the experiment. Explain the tendency of bodies to revolve about their 
shortest axis. 54. Define the gyroscope. Explain figure. 

55. Define the force of gravity; weight; universal gravitation. Explain the law of 
universal gravitation. Give the lawof Newton. Explain further by figure. Why do not 
two bodies come together resting ona table? 56. Explain the effect of gravitation on the 
planets. 57. What is the law of the force of gravity? Why is gravity different at different 
places on the earth’s surface? 58. Define a vertical line. lllustrate by figure. Define a 
horizontal line. Illustrate. Whatinstruments are based upon these lines? 59. Whatis 
the difference between weight and gravity? How is each determined? 69. Define the 
centre of gravity. Explain. What is the line of direction? Where is the centre of 
gravity in solids of regular figure and uniform density? Examples. In sheets of uniform 
thickness and density? How is the ceutre of gravity found in surfaces of irregular out- 
line? Ilow found in any solid? When not within the body, how is it found? 61. When 
is a body in equilibrium? When a body rests on a point, where must the centre of grav- 
ity be? When it rests on two points? Example. When on three points? Example. 
62. What are the three cases of equilibrium? What is stable equilibrium? Illustrate. 
Examples. What is unstable equilibrium? Illustrate What is neutral equilibrium ? 
Illustrate. Examples of the three kinds of equilibrium with the cone. 63. What bodies 
are the most stable? Explain the stability of the towers of Pisa and Bologna. Ilow do 
men and animals maintain a stable position? Illustrate. 64, Give the three laws of 
falling bodies. Tow is the first law verified? Explain the reason of the second law. 
Third law. What is the rule for finding the velocity acquired by a falling body at the 
end of any given time? Example. What is the rule for finding the space passed 
over during any given second of the descent? Example. What is the rule for find- 
ing the whcle distance traversed by a falling body ina given time? Example. 65, Ex- 
plain Galileo’s method for verifying the laws of falling bodies. 66. What is the effect 
on a body thrown perpendicularly upward? How do we find the number of seconds 
jt will continue to rise? Example. How do we find the whole distance it will rise? Ex- 
ample. 67. Define a projectile. IJllustrate by figure when a ball is thrown horizon- 
tally. Illustrate the path of a ball by figure, fired obliquely, at different angles _ 
68. When will a ball fired horizontally reach the ground? When, if fired obliquely up- 
ward? 69. Define the pendulum. What causes the pendulum to vibrate? Explain the 
action in detail. What is oscillatory motion? What is aroscillation or vibration? What 
js its amplitude? What effect has the air on vibration? 70. What is a simple pendu- 
lum? IJsit real or ideal? What is a compound pendulum? Explain its construction. 
71. Give the four laws of the vibrations of the pendulum. WHow are these laws de- 
duced? Tlow is the first law verified? Second law? Limitation. Define isochro- 
nism. When are vibrations isochronical? Who di covered the pendulum, and when? 
72. Explain the centres of suspension anid oscillation. 73. What is the principal use 
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of the pendulum? What is the motor inaclock? Explain the action of the pendulum 
as a regulator. What effect have variations of temperature on the pendulum? How 
are these effects compensated in nice clocks? ILowincommon clocks? Why do clocks lose 
time in summer and gain time in winter? 74, How are compensation pendulums made? 
Explain the mereury pendulum. Explain the gridiron pendulum. What is the relative 
expansion of brass and steel? 75, What is the length of the seconds pendulum at the 
equator? at New York? at Spitzbergen? Explain the cause of this variation. 

76. Define work. Application of the term. Jllustrate. 77. Explain measurement 
of work. Define foot-pound. Kilogram-meter. Rule for finding example. 7S. Explain 
horse-power. Apply to machines. 79, Define energy. Illustrate. Rule for finding 
amount ofenergy. S80. Explain kinetic and potential energies, Illustrate. 


APPLICATION OF PILYSICAL PRINCIPLES TO MACHINES. 


§S1. Define a machine; power; weight. S2. Define motor. Examples. 83. What 
is the object of machines? Can a machine create power? What are hurtful resistances? 
Their effect? S4. Work implies what? What measures the quantity of work? The 
work of the power equals what? Illustrate. Give the three general laws of machines. 

85. Name the mechanical powers. S86. Use of cords, bands, and belts? $7. Define 
the lever; fulcrum; power; weight. What are the lever arms? Illustrate. Describe 
the three classes of levers. SS. Give the law of the lever. Examples. S9. Examples of 
levers. 90. Explain weight between two supports. 91. What are compound levers? 
Rule. Example. 92. Define the balance. Explain the parts. Ilow are bodies weighed? 
93. Name and illustrate three requisites for a good balance. 94. Ilow is a balance to be 
tested? 95. How may a body be weighed correctly by a false balance? 96. Explain 
and illustrate the stecl-yard. 9%, Explain the wheel and axle. Show the principle of 
lever. Give rule. 9S. Explain the windlass. 99, Explain the capstan. 100. Explain 
the differential windlass. 101. What is a train? driver? follower? 102, Explain the 
modes of connection and illustrate. 103. What is the law of wheel-work? Examples. 
104, Define the pulley. 105, Explain the fixed pulley. 106, Explain the movable 
pulley. Use of fixed pulleys? 107. Explain and illustrate combinations of pulleys. 
Give the law. Examples. 108. Define the inclined plane, Explain its principle. 
What is the ratio of power to the weight? Illustrate. Examples. 109. Explain the 
wedge, Why cannot we accurately estimate the power of the wedge? Use of the wedge? 
‘xamples. 110. What is the serew? its thread? its nut? Illustrate the use of the 
lever combined with the screw. 111. What is the law of the screw? 112. Describe 
the endless screw. Its uses. 

113. What is friction? How caused? Sliding and rolling? 114. Tow is friction 
measured? Jllustrate. What facts have been ascertained about friction? 115. Name 
sone advantages of friction. 116. How does the stiffness of cords produce friction? Llow 
lessened? 117. Explain atmospheric resistance. 


THE MECHANICS OF LIQUIDS. 


118. Define hydrostatics and hydrodynamics. 119, Name the properties common to 
all hquids, Illustrate. 1:20, What is the principle of Pascal? Illustrate with bottle and 
cylinder. 1:21, Explain pressure due to the weight of liquids. 12:2, Does the pressure 
on the bottom of a vessel depend upon the shape of the vessel? Tow shown? Explain 
the experiment in detail. 123. Explain the hydrostatic bellows. 1:24, How is lateral 
pressure demonstrated? Describe the reaction wheel. Explain its action. 125, How 
is upward pressure demonstrated? Tllustrate. 126, What is Pascal’s experiment? 
127. What is the principle of the hydraulic press? Describe in detail. Tllustrate its 
power by example. What are its uses? 

128. When is a solid in equilibrium? a liquid? If the liquid is acted on by other 
forces than gravity, what is the result? 129. What is a level surface?  I)lustrate, 
130, What are the conditions of equilibrium in communicating vessels? How demon- 
strated? 131. What are the conditions of equilibrium in liquids of different densi- 
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ties? How demonstrated? 13:2, Explain equilibrium of heterogeneous liquids. Ilow 
shown ? 

133. Explain the water-level. How used? 134. Explain the spirit-level. How 
used? Applications. 135. Explain springs, fountains, and rivers. 136. Explain arte- 
sian wells. Jllustrate. Examples. Oil-wells. 

137. Wow are submerged bodies pressed? Illustrate. Give the principle of Archime- 
des. 138. Explain the hydrostatic balance. 139. Explain the cylinder and bucket ex- 
periment. What is the story of Archimedes? 140. When a body is plunged into a 
liquid, what three eases arise? Explain each. Define plane of flotation. Why does a 
saucer float on water? 141. Illustrate the principles of flotation by experiment. 
142. Explain the swimming bladder of the fish. Whatis its action? 1438. Explain 
swimming. , ; 

144. Define specifie gravity. Illustrate. Whatis taken as a standard? Ilow do we 
find the specifie gravity ofa body? 145. How do we find the specific gravity of a solid 
by the hydrostatic balance? Rule. Example. Tow do we find the specific gravity of a 
solid that floats on the water? Examples. By Nicholson’s hydrometer? By a flask ? 
146. Low do we find the specific gravity of liquids by Fahrenheit’s hydrometer? by a 
flask? Application of specific gravity. 147. Describe Beaumé’s areometer. How is it 
graduated? Use? J4S8. Describe the alcoholmeter How graduated? Use? 

149. Explain the flow of liquids from orifices. The velocity increases in proportion to 
what? Illustrate. When is the range of a horizontal jet the greatest? 150. The vol- 
ume of a liquid discharged is equal to what? Example. Explain the vena contracta. 
151. Explain the flow of liquids through pipes. Illustrate. 15:2. Explain the flow of 
rivers; the resistance of friction. 

' 153. Explain the energy possessed by water collected in reservoirs, ete. What are the 
forces that turn water-wheels? 154. Explain the undershot wheel. 155. Its power. 
Explain the overshot wheel. Its power. 156. Explain the breast-wheel. Its power. 
157. Explain the turbine wheel. Illustrate. Ilow greatis its power’ 

158. Explain Archimedes’ screw. 159. Explain the chain-pump. 160. Explain 
the hydraulic ram. Illustrate its action. 


PNEUMATICS. 


161. What are gases and vapors? Jlow do they differ from liquids? What is the dif 
ference between agas anda vapor? 16:2. The atmosphere is the type of what? What is 
its color? Composed of what? Sources of carbonic acid in the air? The relation of plants 
to oxygen and carbonic acid? 163. Illustrate the expansive force of air 164. Prove 
that air has weight. 165. Explain atmospheric pressure. Illustrate. 166. Show the 
unbalanced force of the air by bursting a membrane and by stretching rubber. 167. Jl- 
lustrate the force of the air with the Magdeburg hemispheres. 16S. Llustrate the up- 
ward pressure of the air by experiments with tumbler and piston with weight attached. 
169. What is the pressure of the atmosphere on a square inch? Describe Torricelli’s 
experiment. How shown that the pressure is 15 pounds on an inch? What unit 
of pressure is adopted for all gases and vapors? Example. 170. Describe Pascal's 
experiments in detail, and his mode of reasoning. What conclusion is derived from 
Pascal's experiments? 171. What isa barometer? What is its principle? 172. De- 
scribe the cistern barometer. Where is the zero point of the scale? How is it regulatedin 
accurate barometers? Tow is the height of the barometer determined? 173. Describe 
the siphon barometer. Ilow do we find the height of the barometer? How are oscillations 
obviated? 274. Describe the wheel barometer. Illustrate its action. Why inaccurate ? 
175. What is the principle of the aneroid barometer? Explain its action. 176. What 
are the causes of barometric fluctuations? Illustrate. 177. Explain the barometer as a 
weather indicator. What rules are generally trustworthy? 178. On what principle is 
the barometer used for measuring heights? Give rule. 179. What is the pressure of 
the atmosphere on the human body? How resisted? Wow is it shown that the tissues 


of the body contain gases? Principle of cupping? 


— 
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180, What is Mariotte’s law? Consequence? 1S1. Prove the law by Mariotte’s 
tube. 

182. Who invented the air-pump? When? Describe the air-pump. Explain its ac- 
tion. 1S3. Describe the siphon gauge. Explain itsaction, 1S4. Explain Sprengel’s 
air-pump and its action. Principle of the filter-pump. 1S5. Give some experiments 
with the air-pump. 1S6. Explain the use of the air-pump in concentrating syrups. 
Explain pneumatic tubes and their use. 187. Explain the condenser and its action. 
LSS. Give some applications of condensed air. ILow are persons affected in dense air? 
189. How is condensed air applied to tunnelling and mining? Explain some of the ma- 
chines used in drilling. 190. What are the advantages in the use of compressed air? 
191. What is the principle of the fountain? Describe Hero's fountain and explain its 
action. 192. Explain the construction and use of the atmospheric inkstand. 193. De- 
fine the water-pump. What are the principles employed?) 194. Describe the lifting- 
pump. Illustrate its action, What is the lowest limit of the play of the piston? 
195. Describe the forcing-pamp. Illustrate its action. 196. Describe the forcing- 
pump withair-chamber Explainits action. 197. What is the fire-engine? Describe it 
and explain its action. Howoperated? 19S. Whatis the siphon? Its use in decant- 
ing? low is it prepared for use? Explain its action and the principle involved. How 
high can water be raised by a siphon? 199. Explain adhesion of liquids and gases. 
Ilow is Gifford’s injector used? Explain the principle ofadhesion by experiment. 

200. What is the baroscope? Describe it. Explain its use. What is the principle of 
Archimedes? Examples. ‘201. What is a balloon? Ilow were balloons first made? 
What are fire-balloons? 202, Balloons of the present day are filled with what? How 
are they made? How does the aeronaut know whether he is ascending or descending? - 
Upon what principle does the balloon rise? Give the measurements of a balloon, Explain 
fiilure of attempts to direct its course. 203. Explain the method of filling a balloon 
and making an ascent. 204. Of what use are balloons? The greatest height attained? 
205. What is the parachute? Construction? Give the experiment of Wise. What is the 
use of the parachute? Low isthe parachute detached from the balloon? 


ACOUSTICS 


206. Defineacoustics 207. Definesound. Howcaused? Define sonorous ; medium. 
Tilustrate sound by a stretched cord. 20S. Explain sound-waves. What is meant bya 
condensed and a rarefied pulse? Illustrate the formation of sound-waves with tuning-fork and 
bell. Define velocity of sound. Wave-length. Illustrate. Define amplitude of vibration. 
209. Explain combinations of sound-waves. Examples. 210. Explain coincidence and 
interference of sound-waves. Illustrate with tuning-fork. Example. 211. Explain 
beats. Illustrate with tuning-fork. Rule. Examples. 212. Prove that sound is not 
propagated ina vacuum, 21%. Give examples of the propagation of sound in liquids and 
solids. 214. Give examples to show the velocity of sound in air Give an account of the 
experiment of scientists to find the velocity of sound in air Explain the relation of the 
density and elasticity of air to the velocity ofsound. The velocity is proportional to what? 
215. Give theexperiment of Colladon and Sturm in finding the velocity of sound in water. 
What is the velocity per second? ‘216. What is the velocity of sound in solids? How 
proved? Why is the velocity of sound in solids and liquids greater than in air? 217. Ex- 
plain reflection of sound and echoes. Illustrate. What is necessary to get anecho? When 
is an echo monosyllabic? dissyllabiec ? ete. What are multiple echoes ? How is sound wasted ? 
Examples. 21S. Explain acoustic clouds. Illustrate, 219. What is resonance? Ilus- 
trate. 220. Explain refraction of sound. Tllustrate by experiment with the watch. 
221. Upon what does the intensity of sound depend? How does it vary? Tllustrate how 
sound may be modified. 222. Explain intensity of sound. Give Biot’s experiment. 
What are speaking-tubes? 2233. Explain the speaking-trumpet. What is the theo 
its effect? ‘224. Explain the ear-trumpet andits use. Llow does it act pone 
sound-waves? 

225. What causes a musical sound? 226. A noise? Examples. Illustrate by Savart's 
wheel, 227, Upon what does pitch depend? Illustrate, 22S, Give the cause of grave 
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and acute sounds. 229, What is the use of the siren? Describe it in detail. Explain its 
action. ‘230. Explain how we determine the rapidity of the vibrations of the sonorous 
body. 231. Explain how we find the length of a sound-wave. 23:2. Ilow are cords 
made to vibrate? What are transversal vibrations? They depend upon what? 233. De- 
scribe the sonometer. Name and illustrate the four laws of transversal vibrations. 
234. Explain the verification of these laws. ‘235. Explain the formation of nodes, 
236. Illustrate Melde’s vibrations of a string. 237. How can strings or wires be made 
to vibrate longitudinally ? How does their pitch compare with that of transversal vibra- 
tions? The shorter the wire, how are the vibrations? Prove. Illustrate these vibrations 
by experiment. ‘238. Explain sympathetic vibrations. Examples, 239. Explain vi- 
bration of plates with sand. Ilow are Chladni’s figures produced? ‘240. Explain over- 
tures, or harmonics. What isa fundamental tone? 241. What is meant by quality, or 
timbre? Illustrate. ‘24:2. What is meant by the musical scale? What is the gamut, or 
diatonic scale? Ilow are the notes named? (rive the tables expressing the relative vibra- 
tion of each note of the octave, and the relative lengths of strings. Table of absolute 
number of vibrations. There are really how many notes in the diatonic scale? 243. De- 
fine a musical interval. How do we find the numerical value of any interval? Give table 
of intervals. 244. Definemelody. Example. 245. Defineachord; harmony. Exam- 
ple. Define discord. When do we have the simplest and most agreeable harmony ? 

‘246. What is the optical study of sounds? 247. Explain Lissajous’ representa- 
tion of vibrations with single fork and mirror. 248. Explain vibratory motions of 
two forks at right angles. Practical use of these principles. By what other method 
can these figures be produced? ‘249. Give the construction of the kaleidophone. 
250. What is the object of Koenig’s apparatus? Explain its construction. Explain 
its action in producing monometric flames. 251. Into what two classes are stringed in- 
struments divided? Give examples of each. ‘25:2. Ilow is sound producedin pipes? 
Give the method. What are the two forms of the mouth-pieces? 253. What are 
pipes with fixed mouth-pieces? Give examples. Describe asection of one. Explain the 
action of the air in causing the sound. What is the difference between the nodes of an 
open organ-pipe and a closed one? Explain the nodes of an organ-pipe. Prove with 
sand. How shown with Koenig's capsule? 254. What are reed-pipes? Give examples. 
Give the two kinds of reeds. Describe the arrangement of a reed of the first kind. Ex- 
plain its action. Explain the action of the free reed. 255. Wind instruments consist of 
what? Illustrate their action, ‘256. Explain sounding-flames. Illustrate by experi- 
ment. ‘25%. Explain sensitive flames. Illustrate. 258. What kind of an instrument 
is the human voice? Whatare the voealchords? How is the voice produced? 259. De- 
scribe the parts of the ear. How is sound carried to the brain? 260. What is the 
phonograph? Describe it. Explain its action. 261. What is meant by energy of 


sound vibrations? Illustrate. 
HEAT. 


26:2. Define heat. 263. Explain heat asa form ofenergy. Whatiscold? Explain 
the two theories of heat. Heat can be changed into what form! ‘64. Describe the gen- 
eral effects of heat. What is internal work? external? Ilow do heat and cold affect 
bodies? 265. In gases, liquids, and solids, what is the order of expansion? Name and 
describe the kinds of expansion. ‘266. Ilow is linear expansion of metals shown? Ex- 
pansion in volume? 267. How is unequal expansion of metals shown? 268. How is 
expansion of liquids shown ? of gases ? 

269. Define temperature; sensible heat. Explain the difference between temperature 
and quantity of heat. 270. What is a thermometer? Why cannot bodily sensations 
measure temperature accurately? What is the principle of the thermometer? What is 
the best thermometer for common use? Describe a mercurial thermometer. 271. De- 
seribe the method of making a thermometer. ‘27:2. Describe the method of graduation. 
273. Describe the centigrade, Réaumur’s, and Fahrenheit’s scales. What letters are used 
to designate the different scales? ‘274. How are the degrees of one scale converted into 
those of another? Illustrate. Give the formule. ‘27. How does the alcohol differ 
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from the mercurial thermometer? Ilow is it graduated? Why? How filled? 276. When 
is the alcohol preferable to the mercurial one? Why? When must the latter be used? 
Which is the slowerin its action? 277. What rule should be followed in using the 
thermometer? Ifow should we get the temperature of a room? of the atmosphere? 
278. What is a differential thermometer? What are its two forms? Upon what princi- 
ple are they based? 279. Describe Rumford’s, and explain its action. 280. Describe 
Leslie's, and explain its action. What is the best instrumentfor measuring temperature ? 
281. What isa pyrometer? What are the most important ones? Whatis the principle 
ofeach? Are they trustworthy? What arrangements are now used for measuring high 
temperatures? 2S2. Explain absolute zero of temperature. Las it ever been realized ' 
What is the greatest artificial cold produced at the present time? greatest natural ? 

28:3. What is the coefficient of linear expansion of solids? Ilowdetermined by Lavoi- 
sier and Laplace? Give some results. What is the coefficient of superficial expansion 
and expansion in volume? Wow determined? 284. Give some examples of the princi- 
ple of expansion and contraction. 285. Why are liquids more expansible than solids? 
What is absolute expansion? relative? Example. Which is generally observed? What 
is the coefficient of expansion of a liquid? 286. At what temperature has water the 
yreatest density? When does it freeze? Describe two methods of determining the maximum 
density of water. Explain the apparent exception to the law of expansion and contraction, 
Why is iron valuable for casting? Explain the consequences of the expansion of water 
when freezing. Example of the lakes in Switzerland. Why is water taken at 39.2° F. 
astandard? ‘287. What bodies are most expansible? What is the coefficient of expan- 
sion of a gas? What was Guy Lussac’s opinion? 288. Give some applications of the 
expansion of gases. ‘289. Upon what does the density of a gas depend? What do we 
take asa standard? How do we determine the density at any other pressure and tempera- 
ture? Example, 

290. What are the three methods of diffusion of heat? 291. Tow is heat transmit- 
ted through space? Define radiant heat and rays of heat; undulatory or radiant energy. 
‘29:2. Give the four laws of radiant heat and their verification, 293, Explain exchange of 
heat between bodies, and give example. 294, Whatis reflection of radiant heat? Define 
the terms used, 295. Give the laws of reflection. Describe the apparatus for verifying 
these laws. Explain the mode. 296. Define a concave mirror. Define the term focus. 
Explain the experiment illustrating the action of concave mirrors,, What is the advantage 
of parabolic mirrors? What is a burning mirror? Explain its use. 297. Define good 
and bad reflectors. Explain Leslie's method of determining the reflecting power of differ- 
ent bodies. Give some results. Define the terms diathermanous and athermanous. Ex- 
amples. What rays warm a body? 298. Explain Leslie’s method of determining the 
absorbing power of bodies What was the result? 299. What is the radiating power 
of abody? Explain Leslie’s method of determining it. Give the result of the experi- 
ment. 300. What causes modify the radiating and absorbing powers of bodies? Effect 
of polish? of density? of direction of rays? of the source of heat? of color? 391. De- 
scribe the radiometer. Explain its action. What is the supposed cause? 302, Explain 
the absorbing power of gases. Examples. What is the connection between light and 
heat? 303. Give some applications of the preceding principles. 304. Define conduc- 
tion; good conductors; bad conductors. Explain Ingenhousz's apparatus, Hlow used? 
What are the respective conducting powers of solids, liquids, and gases? 305. What is 
convection? Explain by experiment. Ilow are gases heated’? 06. Give some applica- 
tions of the preceding principles. 

307. What is fusion? When does fusion take place? The melting-point is usually 
the same as what? Can the freezing-point be lowered? Is the melting-point the same for 
all metals? Examples. Are all bodies melted by the action of heat? Examples. 308, Ex- 
plain latent heat of fusion. What does latent heat strictly mean? What type of energy 
isit? Tllustrate latent heat of fusion by example. Explain the action of latent heat 
on melting masses of ice; on freezing masses of water. 309. Define congelation. How 
does the point of congelation compare with that of fusion? Tllustrate. Tlow does the 
heat given out in solidifying compare with that taken up in melting? Illustrate by exam- 


REVIEW QUESTIONS. O21 


ple. What liquids have never been frozen? Give some examples of the immense power 
exerted when a liquid passes from a liquid to a solid state. Explain regelation. 
310. What are crystals? What is crystallization? Examples, Give and explain the 
methods of crystallization. ‘311. What is a freezing mixture? Example. Explain its 
action. 

312. Define vaporization, evaporation, boiling, and sublimation. What two classes 
of liquids have we? Define each, and give examples. 313. Illustrate the tension cf va- 
pors by experiment. Give some examples of the power of steam. 314. Why do vapors 
escape from the surface of liquids? When the pressure is removed, what happens? Tllus- 
trate the principle by the experiment. What does the experiment show? 315. When 
does vapor cease to form? 316. Give four causes that accelerate evaporation. Give illus- 
trations and applications of these causes. ‘$17. What is ebullition, or boiling? Explain 
the phenomena of boiling Give the two laws of ebullition. Illustrate. 318. What are 
the principal causes that modify the boiling-point? Ilustrate byexamples. $19. What 
principle does Papin’s digester illustrate? Explain its construction and use. What 
causes explosion in steam-boilers? 3°20. Who have measured the elastic force of vapors ? 
What is proved? 321. What is the latent heat of vaporization? Explain latent heat 
asa type of energy. 322. Explain latent heat of steam by example. Illustrate by-ex- 
periment. 32:3. Give examples of cold produced by heat becoming latent. 324. Ex- 
plain the spheroidal state of a liquid. Illustrate by example. +325. Why does evapora- 
tion produce cold in surrounding objects? Ilow can we produce cold with sulphurous 
acid and the spheroidal state of a liquid? 

326. What is condensation of a vapor? Causes? Explain and illustrate each by 
examples. 327. Explain how heat is developed by condensation, 32S. Explain heat- 
ing buildings by steam. 329. Define distillation. Explain. 3:30. Describe the alem- 
bic, or still. Explain the method of using it. Ifow is alcohol distilled? water? 331. ow 
may gases be liquefied? Explain the apparatus and process for liquefying carbonic acid 
ges. What is the appearance of the frozen acid? How is extreme cold obtained with the 
solid acid? how with bisulphide of carbon and nitrogen protoxide? 332. Explain 
by examples specific heat of solids and liquids. What is a unit of heat? 33:3. De- 
fine specific heat. What methods are employed for finding the specific heat of bodies? 
334. Explain the method of mixture with example. 3:35. Explain the method by melt- 
ing ice. Explain the construction and method of using the calorimeter. Give results. Show 
by experiment with the disk of wax that the specific heats of different substances differ 
very widely. 3:36. Explain specif beat of gases. Ilow does the specific heat of a body 
in the liquid form compare with that of the same body in a solid or gaseous form? What 
substance has the greatest specific heat? What next? 337. What are the principal 
sources of heat? Explain and illustrate each with experiments or examples. 338. What 
are the principal sources of cold? Explain and illustrate each. 

339. Define thermo-dynamics. 346. Explain and illustrate conservation of energy. 
Give the first law of thermo-dynamics. 341. Describe the apparatus of Joule. How 
used? What is meant by the mechanical equivalent of heat? 34:2. Explain and illus- 
trate transformation of energy. ‘343. Explain and illustrate dissipation of energy. 
344. What is a steain-engine? Of what two parts does it consist? 34. Illustrate by 
experiment the power of steam. Explain and illustrate the tension of steam. 346. Name 
the varieties of steam-engine. Explain each. What advantages does each have? What 
is meant by horse-power? 347. Of what is the steam-boiler generally made? Use? 
Describe some of the forms of boilers. What object is kept in view in the construction of 
the boiler? Describe in detail the boiler and its appendages. 848. Name the different 
kinds of manometers. Explain the construction and method of using each. What advan- 
tages has the metallic over the mercurial? ‘349. Describe the structure of the condensing- 
engine in detail. Explain its working. +330. Describe the structure and working of the 


governor. Whatisitsuse? 351. Illustrate the action of the eccentric. 35%. Describe 


in detai] the structure of the locomotive. 
$53. Define hygrometry. When is a given space saturated? Example. Effect of 


temperature on saturation, Causes that vary the amount of watery vapor in the atmos- 
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phere. What is the real object of hygrometry? When does the air contain the greatest 
absolute amount of vapor? 354. What is the hygroscope? Give examples of some hy- 
groscopic substances. 355. What is the hygrometer? Name three kinds. Explain the 
hair hygrometer. %56. Describe the construction of Daniell’s -dew-point hygrometer. 
Explain its action. 357. Describe the construction and working of the wet and dry bulb 
hygrometer. 35. Define mists, fogs, and clouds. What are the causes of clouds? 
Give the theories to explain why clouds remain suspended in the air, Where are fogs and 
mists formed to the greatest extent? 359. Name and explain the different varieties of 
clouds. 360. What is rain? [low formed? Upon what does the quantity of rain de- 
pend? 361. What is dew? Give Wells's theory. What is the dew-point? Give com- 
mon examples of the deposition of dew. Whut is frost? What has the moon to do with 
freezing? ‘362. Ilowis snow formed? Of what are snow-flakes composed? Where does 
snow fall in the greitest quantities? What is hail? Theories as to its formation. 
363. What are winds? Ilow named? 364. What are the causes of winds? 365. What 
are regular winds? trade-winds? Cause? Explain periodic winds; monsoon ; simoom ; 
sirocco; land and sea breezes. What are variable winds? Causes. 366. What is a 
tornado? How caused? Explain the two kinds. 867. Explain the construction 
and working of the anemometer. 368. What are the advantages of the signal 
service? Ilow is the telegraph an aid? Explain the method of making weather 
predictions. 
OPTICS. 


369. Define optics. 370. Define light. 371. What are the two theories of light? 
Explain each. What is the difference between heat-waves and light-waves ? sound-vibra- 
tions and light-vibrations? Illustrate light-vibrations. 37:2. What are luminous and illu- 
minated bodies ? Name and explain the principal source of light. 373. Define end illustrate 
a medium ; transparent, translucent, and opaque bodies, 374. Explain and illustrate ab- 
sorption of light. [Low shown in the atmosphere? 375. Define and illustrate a ray of 
light; pencil of rays ; beam of rays. Prove that lightin a homogeneous medium moves in 
straight lines. 376. What isa visualangle? Illustrate by figure. 377. How isa shadow 
formed? Whatisthe umbra? penumbra? Illustrate shadows by figure. 37S. Explain 
Roemer’s method of ascertaining the velocity of light by Jupiter's moons, How great did 
he find the velocity to be? 379. What is meant by intensity of light? What is the law? 
What is a photometer? Explain its construction and the method of using it. 

380. Explain reflection, of light. What is irregular reflection? Examples. 381. De- 
fine incident and reflected rays; point of incidence; angles and planes of incidence and re- 
flection. Illustrate by figure. 38:2. Give the laws of reflection. Illustrate by figure. 
383. In what direction are objects seen? Tllustrate by figure. 384. What isa mirror? 

jxamples. What is the objection to mirrors which have amalgam backs? What is a 
speculum? $S5. What is a plane mirror? Examples. 386. What is an image of an ob- 
ject? Explain how images are formed by plane mirrors, What makes up the whole image ? 
387. What is the nature of the tmage formed by a plane mirror? Define virtual and 
real images. 3SS. Explain multiple images. 389%. Deseribe the kaleidoscope. How 
used? 390. Explain reflection by transparent bodies. 891. Describe the heliostat. 
How used? What is the difference between it and the porte limiére? 392. What is a 
concave mirror? Define vertex; centre of curvature; principal axis; principal section. 
393. Define a focus; principal focus; principal focal distance. IMlustrate the prop- 
erties of a concave mirror by figure, What is a secondary axis? Explain spherical 
aberration. Acvantage of parabolic mirrors. [low can we develop heat by concave 
mirrors? 394. Tlustrate conjugate foci by figure. Define them, What is a radi- 
ant? Enumerate the properties ef the foci What occurs if the radiant is in a secondary 
axis? 393. Explain in detail the formation of images by concave reflectors. 396. Ex- 
plain the formation of virtual images by concave reflectors. 397. Explain the formation 
of images by convex reflectors. 

39S. Explain refraction of light. Tlustrate by figure. 399. Explain incident ray ; 
point of incidence ; refracted ray ; angie of incidence ; plane of incidence ; angle and plane of 
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refraction. 400. What is meant by the refractive power of bodies? What is the gen- 
eral rule of refraction? Give examples of the refractive power of different substances. 
401. Give the laws ofrefraction. What is meant by the index of refraction? Illustrate 
the second law by figure. Illustrate index of refraction. 402. Give some experimental 
proofs of refraction. 403. Give some examples of refraction in water. What effect does 
refraction have on the heavenly bodies? The object is seen in the direction of what ray ? 
404. Explain and illustrate total reflection and the critical angle. 405. Give some ex- 
amples of total reflection. Illustrate total reflection by figure. 406. Define mirage. 
Ilow produced? Illustrate by figure. Give practical examples. 407. Explain and illus- 
trate refraction with media having parallel faces. 408. Definea prism. ILow do prisms 
affect ight? 409. Illustrate the course of Juminous rays in a prism. 410. Define a 
lens. How made? 411. Give the classification of lenses, 41'2. Definecentre of curva- 
ture; axis; optical centre. Explain how we find the perpendicular. 41:3. Explain the 
action of convex lenses on light. 414. Define principal focus; principal focal distance ; 
spherical aberration by refraction. 415. Explain and illustrate conjugate foci. What is 
the radiant? Give position of the foci when the radiant has different positions. How are 
the foci situated in case ofa secondary axis? 416. How is an image formed? Illustrate 
in detail the formation of images by convex lenses, with different positions of the object. 
When does the lens become a single microscope? 417. Illustrate the formation of im- 
ages by concave lenses. 418. Explain burning-glasses. Give examples. 419. What 
kinds of mirrors were formerly used in lighthouses? What are the objections to mirrors? 
Illustrate the lenses used in lighthouses. Ilow are different lighthouses distinguished 
from one another ? 

420. Define the solar spectrum. Explain in detail. Explain color as compared with 
pitch in sound. 421. What is recomposition of light? Explain the methods by 
which it can be produced. 42:2. Explain fully how the color of bodies is produced. 
42:33. Define complementary colors. Llustrate. 4:24. What are subjective colors? 
Illustrate. Give Tyndall's explanation. 4°25. Explain and illustrate Fraunhofer's 
lines. 426. Describe in detail the spectroscope. 4°27. What is spectrum analysis? 
Illustrate. Ilow were new metals discovered? ILow do we determine the existence of 
metals in the heavenly bodies? 428. What is interference of light? 429, Explain 
and illustrate Newton’s rings. Examples. of interference of light. 430. Explain 
diffraction of light. Examples. 431. What is double refraction? TJllustrate fully. 
432. Explain polarization of light. Illustrate. 433. Illustrate polarized light by 
tourmaline; by gratings; by reflection and refraction. Beautiful effects produced by 
interference of polarized light. 434. Explain the pincette. 435. Give some applica- 
tions of polarized light. 436. What is a rainbow? Conditions of its formation? Two 
kinds? Explain by figure. 4.37. Ilow is the primary formed from seven drops? Sec- 
ondary? Give some more details of the bow. Examples of rainbows in icicles, ete. 
43S. What are the three properties of the spectrum? Mow determined? Illustrate by 
figure, 4:39. Explain fluorescence and calorescence. 440. Explain chromatie aberra- 
tion. Illustrate. 441. Whatis an achromatic combination? Illustrate. 

44:2. Name some varieties of optical instruments. 44:3. What is a microscope? 
Kinds? 444. What is a single microscope? Qualities of the image? 445. Of what 
does the compound microscope consist? Explainin detail. Iow is the magnifying power 
expressed? How is the object illuminated? Uses? 446. Whatis a telescope? Classes. 
Explain the first class. 447. Explain in detail the Galilean telescope. 448. Explain in 
detail the astronomical telescope. How do we find its magnifying power? What is the 
difference between the telescope and microscope? 449. Explain in detail the terrestrial 
telescope. 450. What isa reflecting telescope? 451. Explain Newton’s. 452. Ex- 
plain IIersehel’s. 453. What is the magic lantern? Explain in detail, 454. What is 
the polyrama? How are dissolving views obtained? Examples. What other lights are 
used instead of oil-lamps? 455. What is the photo-electric microscope? Explain in de- 
tail. Uses. 456. Explain and illustrate the solar microscope. 457. Define the cam- 
era obscura, Jllustrate. The images are independent of what shape? Examples. 
45S. Uxplain thecamera and lens, Illustrate their action and use. 459. Explain the 
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artist’s camera. Illustrate the course of the rays. 460. Explain and illustrate the pho- 
tographer’s camera. Define positive and negative pictures. 461. What is theeye? Ex- 
plain in detail. 46:2. Explain the mechanism of vision. The inversion of the image. 
463. Llow does the eye adapt itself to different distances and degrees of intensity? How 
long does an impression last upon the retina? 464. Define the terms near-sightedness 
and fur-sightedness. Low is each produced, and what is the remedy? 465. Why is not 
vision double? 466. What is the stereoscope? Describe its action and the method of 
using it. ILow can the lenses be made perfectly symmetrical ? 
ELECTRICITY. 

467. What is the nature of electricity? Name the three divisions. 468. What are 
natural and artificial magnets? permanent and temporary? 469. Explain the distribu- 
tion of magnetic force. Whatare the poles? equator? Illustrate. Show that magnetism 
is exerted through intermediate bodies. 470. What is the action of one magnet upon 
another? 471. Give the law. 47:2. What is the effect when a magnet is broken? 
473. Define magnetic and diamagnetic bodies. Examples. 474. Explain and illustrate 
magnetism by induction 475. What is the coercive force? 

476. Explain and illustrate the directive forcé of magnets. What are the real north 
and south poles of a magnet? 477. What is the magnetic meridian? What is meant by 
the declination of the needle? diurnal variations? perturbations? 478. Describe the 
compass. What is its use? Ifow is the magnetie declination found at any place? 
479. What is a dipping needle? LIfow is the needle of the compass prevented from dip- 
ping? Show the use of the dipping needle. Illustrate with bar magnet. 

480. Explain how magnets are made by terrestrial induction. 481. How are mag- 
nets made by friction? single touch? separate? double?) 4:2. What is a magnetic bat- 
tery? armature? Use? 

453. Give an outline of the history of electrical discoveries. Explain Gilbert's 
experiments and the manner of making them. What is the derivation of electricity? 
454. Define the electroscope. Describe the electrical pendulum. What is its use? 
485. Prove that there are two kinds of electricity. Give names. 486. Describe in de- 
tail the gold-leaf electroscope? 487. Explain the method of using it. 48S. What is 
the Jaw of electrical action? 489. Define conductors; insulators. Give illustrations and 
examples. 490. Explain fully the hypothesis of two electrical fluids. Explain electricity 
as energy. 491. When two bodies are rubbed together, what results? Give list of bod- 
ies that produce negative or positive electricity, according to the order of rubbing. 
492. Explain how electricity can be produced otherwise than by friction. 49%. Ex- 
plain how bodies are electrified. 494. Show that electricity tends to accumulate on the 
surface of bodies by the hemispheres and by Faraday’s experiment, 495. What is meant 
by tension of electricity? Illustrate 496. Illustrate by the proof-plane the power of 
points in electricity. 

497. What is meant by induction? Tllustrate fully. 49S. What is Faraday’s 
theory? 499. What is the electrophorus? Describe it. How used? 500. What is 
the electric machine? By whom invented? Deseribe in full. 501. Explain its use, 
502. Whatis the principle of Holtz’s machine? Describe in detail. Explain its action. 
How affected? 503. What is Carré’s dielectric machine? hydro-electric? 504. What 
precautions are necessary in using the machine? 505. What is an electrical condenser? 
506. Describe the Leyden jar Tow charged and discharged? 507. What is an electric 
battery? How charged?) 508. Explain the Leyden jar with movable coatings. 

509. What is an electrical spark? How produced? What is an electrical shock? 
When felt? Explain the production of the spark. 510. How is the electrical stool used? 
511. What is the electric chime? Explain its action. 512. What is the electric 
image? Explain ite action. S13. Explain the effect of points in electrical action. 
514. What is the electrical wheel? Explain its action. 515. What is the velocity of 
electricity? Illustrate the duration of the spark, 416. What is the electrical egg? De- 
scribe its action 517. Whatis the electrical square? Explainitsaction. 518. Illus- 
trate the heating power of electricity by burning ether and the battery, 519. Show 
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mechanical effects by card and Leyden jar. 820. Show chemical effects by pistol. 
5:21. What are the physiological effects of electricity? Give examples. 

52:2. Show the identity of lightning with the electric spark 6523. Explain atmos- 
pherie electricity. Wow determined? 424. Give causes of atmospheric electricity. 
525. What is lightning? Name some of the different kinds. 5:26. What is thunder? 
Yo what is it due? Explain the peculiarities of thunder. 527. Describe the effects of 
lightning. 5:28. Explain the return shock. 529. What are lightning-rods?) Whau 
conditions should this fulfil? What is their real utility? 530. What is the aurora 
borealis? Describe it. 

531. What is dynamical electricity? Why so called? Origin of the terms galvanic 
and voltaic? Describe Galvani’s experiment. What was his explanation? 53:2. Give 
Volta’s theory. 6533. Give Fabroni’s theory. 534. Explain and illustrate current 
electricity. What is a yoltaic couple or element? 535. Explain the direction of the 
current. Define the terms electro-positive, electro-negative, and electromotive. 536. Ex- 
plain the action of the acid and the amalgamation ot the zinc. 537. What is meant by 
electrodes? ‘To what plates are the positive and negative electrodes joined? 538. What 
is meant by electrical potential? Illustrate. 539. What isa voltaic battery? 540. De- 
seribe the voltaic pile. 541. What are constant batteries? 54:2. Describe Smee’s 
battery. 543. Describe the potassium bi-chromate battery. 544. Whatis the mercury- 
sulphate battery? 545. Describe Daniell’s battery. Explain its action. 546. Explain 
Groye’s battery. 547. Explain Bunsen’s battery. 54S. Define electromotive force ; 
resistance; intensity. What is Ohm’s law? Define external and internal resistances. 
What isan ohm? 549. Explain batteries of high and low resistances. 530. Compare 
frictional with galvanic electricity. Give Tyndall’s illustration. 

551. Name the effects of the galvanic battery. 55:2. Explain and illustrate the physio- 
logical effects. 553. Explain andillustrate the heating effects. 554. Explain and illus- 
trate the illuminating effects. Explain the voltaic are. 555. Mlustrate the chemical 
effects by the analysis of water. Explain the terms electro-negative and electro-positive. 
556. Define electrotyping. Describe the preparation of the mould. Describe the deposi- 
tion of copperon the mould. 557. Explain electro-plating and gilding. 

55%. Show the relation between magnetism and electricity. 559. Explain and illus- 
trate the action of the electric current upon a magnet. 560. What is Ampére’s law? 
561. Illustrate the force magnets have on currents; the earth. How do two parallel 
currents affect each other? ILow does a helix act when suspended in cups of mercury? 
If two solenoids are brought together, what results? 56:2. Explain Ampére’s theory of 
magnetism. 563. Define a galvanometer. Describe it. Describe the galvanic multi- 
plier. What is an astatic needle? 564. Explain and illustrate the uses of the galvanic 
multiplier. 565. How can we magnetize by an electric current? 

566. Define an electro-magnet. ILow made? What property has a soft-iron arma- 
ture? Show that the helix is also magnetized 567. What is the electric telegraph? 
Give a general description of Morse’s. 568. Describe the register. Describe the sounder. 
Write Morse’s alphabet. 569. Explain the transmitting key. 570. Explain the relay. 
571. Explain lightning arresters. 572%. How are wires arranged ina circuit? What 
takes the place of a second wire? Where must the ends of the single wire be placed? 
5733. Describe the plan of a way-station. 574. Explain some other forms of telegraphs. 
575. Explain dup’ex and quadruplex telegraphy. 576. What are SURES cables 2 
Explain the Atlantic cables. 577. Describe the fire-alarm telegraph. 578. Explain in 
detail the electric-magnetic motor. 

579. Explain and illustrate induction by currents. 589. Give the Jaws of induced 
currents. 581. What is an induction coil? Describe its construction and action. 582. 
Describe Ruhmkorf’s coil. ILow used? 5833. What is magneto-electricity? Illustrate. 
584. Describe the construction and action of the magneto-electric machine. 585. Ex- 
plain electric lighting by magneto-electricity. 5586. Explain the construction of Bell's 
telephone. 587. Explain its action. 58S. Explain the microphore. 589. What is 
thermo-electricity? 599. Explain the thermo-electric pile. 591. What is animal 
electricity? Illustrate. 
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Electricity, 404. 
animal, 507. 
atmospheric, 454. 
by induction, 432. 
chemical effects of, 451, 474 
conductors of, 424. 
development of, 421, 426. 
dynamical, 460. 
effect of points in, 430 
Franklin’s theory of, 425. 
frictional, 420. 
heating power of, 448, 473 
kinds of, 422. 
law of, 424. 
mechanical effects of, 450. 
on surface of bodies, 427. 
physiological effects of, 451,472. 
Symmer's theory of, 425. 
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Electricity, tension of, 429. 
velocity of, 446. 
Electrifying bodies, 427. 
Electrodes, 463. 
Electrolysis, 474. 
Electro-magnets, 486. 
Electro-plating and gilding, 477 
Llectrophorus, 434. 
Electroscope, 421, 423. 
Electrotyping, 475. 
Endosmose, 17. 
Energy, 61. 
conservation of, 280. 
dissipation of, 288. 
transformation of, 282. 
Engine, fire, 158 
steam, 254. 
Equilibrium, 42-45, 95 99. 
Evaporation, 255. 
causes that accelerate, 258. 
in a vacuum, 257. 
Exosmose, 17. 
Expansibility, 10 
Expansion, law of, for gases, 232 
liquids, 229. 
solids, 226 
of liquids and gases, 215. 
of metals, 214. 
Extension, 5. 
Eye, 397. 


Fabroni’s theory of electricity, 461. 
Falling bodies, laws of, 48. 
Far-sightedness, 400. 
Fire-engine, 158. 
Floating bodies, 106. 
Flotation, 106, 107. 
Fluid, 4. 
Fluorescence, 378. 
Fly-wheel, 290. 
Focus, 239, 330, 349. 
Fogs, 298. 
Force, striking, 30. 
Forces, molecular, 13. 
Form, 5. 
Fountains, 101, 152. 
Fraunhofer’s lines, 364, 366. 
Freezing-mixtures, 254. 
Friction, 84. 
Frost, 301. 
Fulerum, 65. 
Fusion, 249. 

latent heat of, 250. 


| Galvanic batteries, 464-470. 
effects of, 472. 475. 
multiplier, 483. 
Galvani’s experiment, 460. 
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Galvanometer, 483. 
Gamut, 194. 
Gases, 125. 
absorbing power of, 244. 
adhesion of, 161. 
density of, 233. 
liquefaction of, 271. 
Gauge, mercurial, 114. 
Governor, 291. 
Gravitation, 37. 
Gravity, 39. 
centre of, 41. 
specific, 109. 
Gyroscope, 36. 


Hail, 303. 

Hardness, 19. 

Ilarmonies, 193. 

Ilarmony, 196. 

Heat, 212. 
absorption of, 241. 
conduction of, 245. 
convection of, 247. 
diffusion of, 235. 
exchange of, 237. 
expansion of bodies by, 218. 
general effects of, 213. 
laws of, 235. 
nature of, 212 
radiation of, 285 
sources of, 276. 
spec fic, 273. 

Tleliostat, 328. 

Helix, 482. 

Toltz*’s machine, 437. 

Horizontal line, 40. 

Ilorse-power, 61. 

Ilydraulie press, 92. 

ram, 122. 

Ilydrodynamies, 87 

Ilvgrometer, 296. 

Ilvgrometry, 295. 

Ilygroseope, 296. 


Images, 325. 
by coneave lenses, 355. 


hy concave reflectors, 333. 


by convex lenses, 352. 
by convex reflectors, 335 
hy plane reflectors, 325, 
electrical, 444, 
multiple, 326 
virtual and real, 326. 
Impenetrability, 7. 
Tnelined plane, 79. 
Induction coils, 499. 
electric, 432. 
magnetic, 409, 
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Inertia, 8. 

Insulators, 424. 

Interference of light, 368. 
of sound, 172. 


Jar, Leyden, 440. 
Joule’s equivalent, 281. 


Kaleidophone, 199. 
Kaleidoscope, 327. 


Lenses, 847. 
Level, spirit, 100. 
water, 99. 
Lever, 65. 
law of, 66. 
Leyden jar, 440. 
with movable coatings, 441 
Light, 312. 
absorption of, 315. 
diffraction of, 369. 
intensity of, 319. 
polarization of, 372. 
ray of, 315. 
reflection of, 321. 
total, 842. | 
refraction of, 337. 
double, 371. . 
sources of, 313. 
theories of, 312. 
velocity of, 317. 

Lighthouse lenses, 356. 

Lightning, 454, 455. 

Lightning-rods, 457. 

Liquids, 4. | 
adhesion of, 161. 
boiling-point of, 260. 
properties of, 87. 
through orifices, 115, 
through pipes, 118. 

Lissajous’ vibrations, 197, 198, 

Locomotive, 202. 


Machines, 63, 
laws of, 64. 
Magdeburg hemispheres, 128. 
Magic lanterr 353. 
Magnetic battery, 418. 
bodies, 408. 
meridian, 411. 
Magnetism, 404. 
by induction, 409, 
Magnetizing by induction, 416, 
by friction, 417. 
Magneto-electricity, 501, 
Magnets, 404. 
broken, 408, 
directive force of, 410, 
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Magnets, liw of, 4(8. 
poles of, 406. 
Magnitude, 5. 
Malleability, 20. 
Manometer, 287. 
Manometric flames, 199. 
Mariotte’s law, 140. 
Mass, 4. 
Matter, specific properties of, 13. 
Mechanical powers, 65. 
Mechanies, 22. 
Media, 314. 
Melody, 196. 
Meter, 5. 
Metric measures, 55. 
Microphone, 515. 
Microscope, 381. 
photo-electric, 389. 
solar, 391. 
Mining, 149. 
) irage, 343. 
Mirrors, 324. 
Mists, 298. 
Molecule, 3. 
Momentum, 28. 
Motion, absolute, 22 
accelerated, 23. 
laws of, 23 
reflected, 32. 
relative, 22. 
retarded, 23 


simple and compound, 26. 


uniform, 22. 
varied, 23. 

Motor, 63 

Music, 183. 

Musical interval, 195. 
seale, 194. 
sound, 182. 


Near-sightedness, 400 

Needle, magnetic, 410. 
dipping, 414. 
declination, 411. 
variations, 411. 

Newton's laws, 23, 24, 30. 

rings, 3658. 
Nodes, 189. 
Noise, 182. 


Ohmi's law, 468. 

Optical instruments, 381. 
study of sounds, 197. 

Opties, 312. 

Osmose, 17. 

Overtones, 193. 


Papin's digester, 263. 


INDEX. 


Parachute, 166. 

Parallelogram of forces, 25. 
Pascal, experiment of, 92, 131. 
principle of, 88. 

Pendulum, 54. 
compensation, 58. 
laws of, 55. 


simple and compound, & 


Philosophy, Natural, 3. 
Phonograph, 209. 
Photographic camera, 396. 
Physics, 3. 
Pipes, reed, 204. 
sound from, 202. 
with fixed mouth-pieces, 202. 
Pneumaties, 125. 
Pneumatic tubes, 147 
Polarization of light, 372. 
Polyrama, 389. 
Pores, 9. 
Porosity, 9. 
Power, 63, 65. : 
Pressure, transmission of, 88-91. 
Prisms, 345 
Projectiles, 52. 
Pulley, 77. 
Pumps, air, 142. 
chain, 122 
forcing, 156, 157. 
lifting, 154. 
Sprengel’s air, 144. 
water, 154. 
Pyrometer, 224. 


Quality, 193. 


Radiometer, 243. 
Rain, 301. 
Rainbow, 375. 
Reaction wheel, 90 
Recomposition of light, 360. 
Reflection of heat, 287. 
of light, 321. 
of sound, 176. 
total, of light, 342. 
Refraction, by parallel surfaces, 34£ 
by prisms, 346. 
double, of light, 371. 
index of, 339. 
laws of, 339. 
Regelation, 251. 
Relay instruments, 489. 
Resolution of forces, 26. 
Resonance, 178. 
Rest, absolute, 2?. 
relative, 22 
Resultant, 25, 27. 
Rivers, 101. 
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Ruhmkorff's coil, 500 


Savart’s wheel, 182 
Screw, 82. 
Sensitive flames, 207. 
Shadows, 316. 
Shock, electrical, 442. 
Signal service, 308. 
Siphon, 159 
Siren, 183-185 
Solution, 14 
Sonometer, 187. 
Sound, 169. 
in a vacuum, 173 
in liquids and solids, 174. 
intensity of, 179. 
piteh of, 183. 
reflection of, 176. 
refraction of, 178 
yelocity in air, 174. 
in liquids, 175. 
in solids, 176. 
Sounding flames, a6. 
Sounds, optical study of, 197. 
Sound-waves in air, 170 
coincidence and interference 
of, 172. 
combinations of, 171. 
length of, 186. 
propagation of, 170. 
Spark, duration of, 446. 
electrical, 442. 
Speaking-trumpet, 180. 
Specific gravity, 109. 
Spectroscope, 865. 
Spectrum, 359. 
analysis, 366. 
properties of, 377. 
Spheroidal state, 266. 
Springs, 101 
Steam-engine, 284. 
condensing. 289. 
varieties of, 284. 
Steam, heating by, 269. 
latent heat of, 265, 
power of, 284. 
Steel-yard, 71. 
Stereoscope, 401. 
Stool, electrical, 443. 
Stringed instruments, 201, 
Surface, level, 96 
Swimming, 108. 


Telegraph, 487-493. 
fire-alarm, 494. 


Telephone, 504. 
Telescope, 383, 387. 
Temperature, 217. 
absolute zero of, 225 

Tenacity, 18. 
Thermo-dynamics, 280. 
Thermo-electricity, 506. 
Thermometer, 217. 

graduation of, 218. 

method of making, 218 
Thermometers, alcohol, 221 

differential, 223. 

Thermometric scales, 220. 
Thunder, 455. . 
Timbre, 193. 
Tornadoes, 306. 
Torricelli’s vacuum, 130. 
Tunnelling, 149, 
Turbine wheel, 120. 


Vaporization, 255. 

Vapors, 125. 
elastic force of, 256. 
latent heat of, 264. 

Variation of needle, 411. 

Vertical line, 40, 

Vibrations, longitudinal, 190. 
Melide’s, 190. 
sympathetic, 191. 
transverse, 186. 

Vision, mechanism of, 399. 

distinct, 399. 
single, 400 

Visual angle, 316. 

Voice, 207. 

Voltaic are, 474. 

batteries, 464-470, 

Volta’s theory of electricity, 461. 


Water, maximum density of, 280 
Water-wheel, 119. 
Wedge, 81. 
Weight, 7, 41. 
Wheel and axle, 73. 
electrical, 446. 

Wheels, train of, 75, 
Wheel-work, law of, 76. 
Wind instruments, 206. 
Windlass, 74. 
Winds, 804. 

velocity of, 807. 
Work, 60, 


Zinc, amalgamation of, 463, 
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